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SECTION |
INTRODUCTION '

This volume describes the hardware and antiskid systems used on the brake control simula-
tor plus the test conditions and parameters used in developing data for the dimensional
analysis in the study, Details of the specific pi-term calculations and of the development of

component and dimensional prediction equations are presented as backup information for
ASD-TR-74-41, Volume 1.




SECTION i
BASIC BRAKE CONTROL HYDRAULIC SYSTEM

The hydraulic portion of the brake control simulator employed standard aircraft hydraulic
system components. The actual hydraulic configuration of each of the five aircraft was
mocked up. The major components common to most of the aircraft braking systems are:

®  Antiskid valve

@  Pilot metering valve
®  Brakes

®  Accumulator

®  Shuttle valve

®  Tubing

To generate the proper hydraulic system response, line lengths and diameters, valve loca-
tions, and restrictions were implemented as specified by the technical documents for each
airplane. The brake hydraulic system of each aircraft is activated by a pilot input to the
pilot metering valve. The pilot brake pedal action was simulated by opening the metering
valve and supplying the antiskid valve with a dump signal removing all brake pressure until
braking was mitiated. At the time of brake application, the dump signal was ramped of¥ in
0.4 sec. This method successfully modeled a typical pilot response in initiating braking,
judging from Boeing flight test results of performance landings.

The main function of the antiskid valve is to modulate the brake pressure based on an
electrical signal from a control box. To maintain the proper pressure and flow characteristics
through the antiskid valve and pilot metering valve, actual aircraft brakes were used. This
ensured that the correct pressure-volume rclationship existed during system operation.
Because tl.e system pressure is modulated by the antiskid valve, large demands can be placed
on the hydraulic supply. To partially eliminate the resulting supply pressure fluctuations, an
accumulator is placed in the system supply line.

The remaining component, the shuttle valve, is used in conjunction with the emergency

braking system. Although the emergency system was not simulated, the shuttle valve was
employed to obtain the proper flow restriction.

3 Preceding page blank
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SECTIGN Il
BOEING 727 BRAKE CONTIOL SYSTEM DESCRIPTION AND
SYSTEM CHARACTERISTICS
The Boeing 727 braking system ccatains four basic clenients: wheel speed transducers,

antiskid control system, hydraulic ssteiy, and brakes. The hydrauiic system includes anti-
skid valves, pilot metering valves, deboost valves, and the associated tubing. An cverview of

' the braking system mocku;® is shown in Figure 1. The detailed hydraulic schematic pre-

sented in Figure 2 identifies incividual components shown in Figure 1. Tab'e 1 Lsts line
dimensior.s and materials used in the mockup.

1. SYSTEM DESCRIPTION
a. WHEFL SPEED TRANSDUCER

The Boeing 727 wheel speed transducer provides instantanecus wheel speed information to
the control unit. The transducer, as pictured in Figure 3, is a variable-reluctance device
producit,; an alternating current proportional to wheel speed. The device is self-contained
and is mounted in the axle. It contains a rotor and stator, each having 50 teeth. A magnetic
field is established by a supply current to the stator coil. As the rotor turns, the variation in
the air gap between the teeth of the rotor and stator induces an alternation in the supply
current. The AC trequency is propu.tional to wheel speed and is used as the input to the
antiskid control box. The transducer produces u sinusoidal signal at 50 cycles per wheel
revolution.

b. ANTISKID CONTROL SYSTEM

The antiskid control sysiem used during the sensitivity analysis of the Boeing 727 was the
Hytrol Mark II skid control system manufactured by Hydro-Aire. A simplified block dia-
gram of the Mark II System is presented in Figure 4.

The Mark II antiskid system requires active wheel speed inputs. This information is provided
by the wheel speed transducers. The AC signal produced by the transducer is converted to a
DC voltage in the control box by the squaring circuit and velocity amplifier.

The squaring circuit converts the sinusoidal wheel speed signal to a square wave with
frequency proportional to the wheel speed. The velocity amplifier then reduces the square
wave to a DC voltage. The level of the DC voltage is a measure of the true wheel speed.

The DC wheel speed is differentiated in the rate amplifier to produce instantaneous wheel
deceicration. This deceleration is compared to a fixed threshold value; when the actual
wheel decvieration exceeds the threshold, a brake release signal is initiated. The duration
and magnitude of the brake release is based on the absolute wheel speed departure. In
addition to this proportional control, the pressure bias modulation (PBM) circuit provides
an extension of the original control signal after the wheel has recovered from a skid. During
a skid, the PBM is charged to a level proportional to the duration and magnitude of the skid.
After the wheel has recovered from a skid, the PBM discharges ramping pressure on. To

s Preceding page blank
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Table 1.—727 Brake Hydraulic System Mockup

Index Lin Line

Description point ”: length
{from-to) ‘ {in.)
Common supply line 1.2 32
13 -]
A-system meterad pressure line 45 8s 160
A-system brake ling 816 -] 186
1319 8s 87
1719 Hose 36
B-system metered pressure line 48 8s 182
8- system braks line 10416 6S 166
14.20 8s 88
18-0 Hose 38
Return line 812 16
71 30
121 128 428
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ensure that the same brake pressure is not reapplied after a skid, the PBM is charged to a
higher va..+ than it had prior to the skid.

The remaining component of the system is the valve driver, which provides current to the
antiskid servo valve for & given voltage input from the rate amplifier.

¢. TOUCHDOWN AND LOCKED-WHEEL PROTECTION

Locked-wheel protection consists of an arming circuit and a locked-wheel detection circuit
The system is armed when either of two paiied wheeis ~re rotating faster than 20 knots. The
wheel pairs are the right and left inboard wheels aud the right and left outboard wheels. If
the system is armed and the wheel speed decreases to a speed below 20 kncts, a signal is
produced to completely release brake pressure. The system tested incorporated a modifica-
tion that delays system disarming for a period of time after both wheels decrease to a speed
below the arming speed. This modification permits retention of locked-wheel protection if
both v.heels lock simultaneously.

Squat switch logic arms the system in the air to provide touchdown protection.
d. BRAKE HYDRAULIC SYSTEM

The hydraulic system is composed of antiskid valves, pilot metering valves, deboost valves,
and the associated tubing.

The 727 brake hydraulic system requires a 3000-psi supply pressure. The 3000-psi supply
enters the actual brake hydraulic system at the pilot metering valve. This valve is a pressure
control valve that supplies pressure to the antiskid valve based on pilot input. The pilot can
meter from zero to 3000-psi pressure depending on his input. The metered pressure is the
maximum attainable output pressure of the antiskid valve, The actual output of the antiskid
valve is, however, controlled by the electrical signal from the skid control box.

The antiskid valve, produced by Hydro-Aire, is pictured in Figure 5. It is a two-stago
pressure control valve with a flapper and nozzle first stage and sleeve and spool second stage.
The flapper is operated by a permanent magnet torque motor. The application of an electri-
cal signal from the antiskid control box to the torque motor causes the flapper to move
from the neutral position (maximum pressure). Movement unbalances the hydraulic bridge
formed by the first stage nozzles. The resulting differential pressure is applied to the second
stage spool. Movement of the spool allows the output of the antiskid valve to change. The
hydraulic forces on the spool work to position the spool and reach an equilibrium position
and pressure,

The modulated pressure from the antiskid valve is reduced at the deboost valve before

entering the brake. The deboost valve reduces the pressure by the ratio of 0.57 to 1.0. The
pressure output of the deboost valve is transmitted through a shuttle valve to the brakes.

11
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e. BRAKES

The 727 brakes used in the mockup were a Bendis product (both Bendis. and B. F. Good-
rich brakes are available). They are six-rotor steel brukes, The modulation « f pressure at the
brake causes compression or release of the disc stuck. which results in a controlled braking
action.

2. BRAKING SYSTEM CHARACTERISTICS

During the senstitivity study, various system and component characteristics were measured.
The dynamic response of the standard 727 hydraulic system is shown in Figures 6 and 7.
Figure 6 plots the system frequency response, while Figure 7 represents step response.
Tables 2 and 3 compile the dynamic response data resulting from hydraulic system changes.

Figure 8 plots the antiskid valve pressure-current characteristics. The effect of varying the
pilot’s metered pressure is depicted by the three different curves,

The pressure-volume characteristics of the standard 727 brake are shown in Figure 9. Also
included are the p-v relationships for the increased brake volume and increased brake gain
test conditions.

EIORYIN




BT T e T T e g R e

T 1

asuodsay Aouanbai-y uiRISAS neipht] ayeig [Z/— 9 anbiy

{zH) Aouanbai4
0z St oL L S € z i m,
(1] — Y T v v 4 « ;
;
ok 482
150 0015 GZ1 1 unssaxd 153)
orf nesnbiyucs nespAy prepuess 1
O
wl .
3jbue aseyy ADN
08 | 18
3
[o]
W oo | q2t- W
i g -
i :
.m., (4% 1% 2
F g
oqes apmyjdury iv
e
\ I'
-4
AN.—




T

asuorisay dals WalsAS IMEPAH yelg (ZL— L anbi]

fass) aunj
050 Sro oy0 SE0 00 sz0 oo 510 oL S0'0 [
T " ) 8 I P 1 J | T o
-
uoi1enbijucd ninespiy paepuels

g 0001

1
:

1 &
-

i £

-

-{ 0002

4

—000¢

R Y e

15




Table 2.—727 Frequency Response Data

Resonance . Phase angle

point fre- Gein at at reso- F"““'"SV

Teit resonance at 90
Test condition quency or nance or

pressure or -3db phase angle

(psiltpsi) -3 b fre. (db) 3do (Ha)
quency {Hz) (deg)

Standard 1126 100 10 7 94 9.8
200 10 6 81 104
563 100 95 6 102 89
200 9 49 92 8.9
a, Decrease line 1126 100 6 4.1 79 6.4
diamaster 200 7 23 91 7.0
663 100 5 36 67 6.0
200 ] 22 78 6.1
b. Increase line 11256 100 7 4.1 86 7.2
200 8 26 86 83
563 100 55 20 78 8.3
200 7.6 -3.0 124 6.2
c. Move dynamic 1126 100 10 45 76 11.0
breakpoint out 200 12 45 78 129
150% of nominal 663 100 9 48 69 10.3
200 10 48 69 1.3
d. Move dynamic 1126 100 7 58 88 71
breakpoint in 200 8 6.3 94 7.8
60% of nominal §63 100 8 10.6 126 6.9
200 7 6.2 980 7.0
e. Restrictinn 1125 100 9 5.1 84 9.3
200 10 6.2 82 10.6
663 100 9 54 86 9.2
200 9 6.2 82 9.4




Table 5.—727 Step Response Data

Dele onse Response time to Percentage pres-
Pressure eti:‘ ra;;:c) 80% of pressure sure overshoot
Test condition step ° change (sec) of step change
change Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
increase | decruase | increase | decrease | increase | decrease
Standard configura- 0-170G 0.060 0.020 0.080 0.036 18 0
tion 0-1600 065 016 .085 032 18.0 0 !
0-850 .085 015 118 037 106 0 t
260-1700 0156 012 .035 027 138 1.7 !
250-1500 0156 .015 035 026 240 13.6 ;
- [
a, Decrease line 0-1700 075 .020 133 ,060 4.1 0 7
diameter 0-1500 075 01% 136 .060 93 0
0-850 116 015 .182 ,050 59 0 ;
250-1700 013 020 057 050 1.0 10.3 ;
260-1600 015 .015 .056 043 16.0 120 i
:
b. Increase line 0-1700 106 .020 .257 063 35 0 *
diameter 0-1500 105 015 .260 .055 3.3 0
0-860 .140 .016 445 067 94 0
260-1700 .020 .020 070 062 0 "y
260-1500 018 012 065 030 0 16.8
¢, Move dynamic 0-1700 055 016 077 .030 0 [¢]
breakpoint out 0-1500 057 .010 086 .023 27 0
160% of nominal 0-8650 .085 .010 112 .025 35 0
260-1700 012 017 .032 .028 9.7 1485 i
. 260-1500 .010 010 027 .020 20.8 16.8 ;
d. Move dynamic 0-1700 085 026 090 040 5.9 0 %
braakpoint in Q1500 070 017 095 .036 16.0 0 ;
50% of nominal 0-850 100 020 27 .037 16.3 0 ;
260-1700 017 017 042 .032 138 13.2 3
3 250-1500 017 017 .040 .035 25.6 18.8 4
e. nsert 20% re- 0-1700 066 .020 .076 032 47 0 !
turn line n-1500 057 012 .083 027 147 0 )
restriction 0-850 000 .012 116 ,030 129 0 E
) 260-1700 012 .020 .032 033 18.6 145
4 250-1500 012 .010 032 025 24.0 16.8 k
& :
8
5 4
1
i
3 g
' 3
4
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SECTION Iv

BOEING 727 BRAKE CONTROL SYSTEM DESCRIPTION AND
SYSTEM CHARACTERISTICS

The Boeing 737 brake control system consists of four elements: wheel speed transducers,
antiskid control system, hydraulic system, and brakes. The braking system mockup, exclu-
sive of the antiskid control box, is shown in Figure 10. A schematic of the hydraulic system
is given in Figure 17, and the associated line materials, lengths, and diameters are listed in
Table 4.

1. SYSTEM DESCRIPTION
a. WHEEL SPEED TRANSDUCER

The 737 wheel speed transducer, pictured in Figure 12, is a self-contained device mounted
in the axle. The transducer has two functional parts, a rotor and stator, each of which is
made of ferrous material and has 150 teeth. A magnetic field is established by supplying
current to the stator coil. As the rotor turns, the alternating alignment and misalignment of
the teeth in the rotor and the stator vary the reluctance in the magnetic current. This resuits
in an alternation in the supply current, which generates an AC frequency proportional to
wheel speed.

b. ANTISKID CONTROL SYSTEM

The Boeing 737 incorporates the Mark Il Skid System manufactured by Hydro-Aire tor
brake control. The system is represented by the functional block diagram in Figure 13, The
wheel speed transducers in cach braked wheel provide the instantaneous wheel speed
information required by the control circuit. The transducer AC signal is converted to a DC
voltage in the frequency converter block. This DC voltage is directly proportional to the
actual wheel speed.

A reference aircraft velocity is provided by the reference velocity und reference deceleration
functions shown in the block diagram. At touchdown, the velocity comparator develops a
negative error signal, which forces the velocity reference to increase until the error signal
ceases. In this manner, the reference velheity is initialized at touchdown for the bruking
condition to follow. During the recovery from a skid, the wheel spinup action results in a
reinitialization of the reference velocity.

The reference deceleration function provides an output derived from the gradually changing
component of wheel speed; thus, the output is proportional to wheel deceleration. The
reference deceleration is an input to the reference velocity function; it modifies the rate of
velocity decay as a function of the prevailing wheel condition,

The signals from the frequency converter and the reference velocity function are summed in
the velocity comparator. The output of the comparator is a velocity error signal that drives
the control circuit, resulting in pressure modulation at the brake. The control circuit,
consisting of the pressure bias modulation (PBM), transient conirol, and lead circuits, is
responsible for normal system control.

21 Preceding page biank
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Table 4.—737 Brake Hydraulic Systern Mockup

Tt o L N L

Index Line
Description point Line length
size

{trom-to} (in.)
A-system supply line 1-3 6835 "
36 8528 "

3.7 8528 28
A-tystem metered pressure line 913 6528 31
A-tystem brake line 1721 6528 161
21.23 3/8 hose 38
A-system return line 16-28 6s28 31
11.26 B8A38 14

B-system supply line 24 8528 13
4.6 8528 33
4.8 6528 118

B-system metered pressurs line 10-18 6528 3
19-14 3/8 hose 62
B-system brake line 18-20 6528 166
20-22 3/8 hose 38
8-system return line 18.26 8s28 4
28.27 3/8 hose 27
27-28 €528 8
12.24 B8A36 14
Common return line 24.26 8836 16
265-28 B6A35 226
24.29 8A36 43
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The PBM is the time integral of velocity error and, in comparison to the transient control, is |
slower to respond to error signals. The PBM determines the brake pressure when the wheel is [
not skidding. It reduces the pressure level during a skid and gradually increases it after the
skid. In this manner, the system adapts to varying runway conditions and also seeks to keep
braking at the highest possible level.

The transient control is characterized by a fixed gain and threshold. Its input is the velocity i
error coming from the velocity comparator and thus is a proportional contro! when the
approporiate threshold has been exceeded. The primary purpose of the transient control is
to r:duce pressure quickly to provide wheel recovery from a skid.

The remaining control element, lead, is in the form of a velocity error rate, which is coupled
into the summing amplifier. Since it represents the rate of velocity change, a differentiation, i
i it provides a dynamic lead function that anticipates and initiates the brake pressure modula-
: tion to help control skids. The lead control is used to quicken the system response, thus
5 imptoving efficlency. Appropriate use of lead contrul can also improve overall system strut
damping by way of dynamic compensation.

|
The remaining system components include the summing amplifier and valve driver. Signals ‘, i
from the PBM, transient, and lead controls are summed by the summing amplifier, and this !
output becomes the driving function for the valve driver. The valve driver provides current '
to the antiskid valve proportional to the voltage from the summing amplifier.

¢. TOUCHDOWN AND LOCKED-WHEEL PROTECTION

For locked-wheel protection, the inboard wheels are connected as a pair, as are the outborad
4 wheels. The outputs of the reference velocity circuits of two paired wheels are connected to
- produce a signal equal to 25% of the higher of the two velocities. When the velocity of a ;
wheel is less than this signal, a full dump signal is applied to the brake. If both wheels lock ;
simultaneously, the normal decay time of the reference velocity will provide a continuous
dump signal for a period of time. The system is armed by the squat switch logic when the #
airplane is in the air, thus providing touchdown protection.

d. BRAKE HYDRAULIC SYSTEM

The 737 brake hydraulic system is composed of antiskid valves, pilot metering valves, and
interconnecting tubing. In addition to these components, the mockup contains the 737-200
autobrake system and its associated hardware.

The brake hydraulic system uses a 3000-psi supply; both the supply pressure and the
maximum brake pressure are 3000 psi. The ships 3000-psi pressure enters the pilot meter.ug
valve. The valve is a pressure control device that regulates the pressure to the antiskid valve.
The pilot supplies a manual input signal to control the output pressure of the valve. In
addition to being the aniiskid valve supply, the pressure from the pilot meter valve is the
maximum output pressure of the antiskid valve. The uctual output of the antiskid valve is
controlled by the electrical signal from the skid control box.

. 27




The antiskid valve, a Hydro-Aire product, is pictured in Figure 14, The unit is a vaiiable gain
pressure control servo valve. It is a two-stage valve with a flapper and nozzle first stage and a
spool and sleeve second stage. A permanent magnet torque motor in the first stage operates
the flapper. In the neutral (unenergized state) the flapper is hard over against the retum
nozzle, permitting full control pressure to the brake. The application signal from the control
box to the torque motor causes the flapper to mcve. The movement opens the retum
nozzle, allowing some flow to return and resulting in a pressure change. The pressure is
applied to the second stage spool. Movement of the spool allows the output of the antiskid
valve to change. The hydraulic forces on the spool work to position the spool until an
equilibrivm position is reached.

The pressure from the antiskid valve passes through the autobrake shuttle valve before
entering the brakes.

e. BRAKES

The 737 brakes used during these tests were manufactured by Bendix. The modulation of
pressure at the brake stack causes compression or reluxation of the disc stack, which results
in a controlled brake action.

2. BRAKING SYSTEM CHARACTERISTICS

Various system and component characteristics were measured as part of the sensitivity
study. Figures 15 and 16 depict typical dynamic response results of the standard 737 brake
hydraulic system. Figure 15 plots frequency response; Figure 16 represents step response.
Tables 5 and 6 are compilations of the dynamic response data obtained during testing.

Figure 17 plots the antiskid valve pressure-current characteristics, The effect of varying the
pilot’s metered pressure is also shown.

The pressure~volume characteristics of the standard 737 brake are shown in Figure 18. Also

included are the p-v relationships for the increased brake volume and ncreased brake gain
test conditions.
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Table 5.~737 Frequency Response Data

Resonance Phase angle
point fre- Gain at at reso- Frequo: v
. Test resonance at 80
Test condition quency or nance or
pressure or -3db phase angle
{psl) 2psi) -3b fre- (db) 3db (Ha2)
psi}(tps quency (Hz) (deg)
Standard 2000 100 14 -3.0 93.7 143
200 14 -3.0 98.6 127
1000 100 18 -3.0 1245 13.0
200 14 -3.0 1.7 1.2
a, Decrease line 2000 100 16 -3.0 137 1.2
diameter 200 16.6 3.0 140 108
1000 100 16 .0 164 0.9
200 3 108 73.7 9.7
b. Increase line 2000 100 ] 3.0 86 9.5
200 9 3.0 84 9.7
1000 100 10 -3.0 06 0.4
200 9 3.0 89 9.1
¢, Move dynaimic 2000 100 12 3.0 66.2 17.2
breakpoint out 200 12 -3.0 722 16.6
160% of nominal 1000 100 17 -3.0 87 15.7
200 14 -3.0 07.4 13.8
d. Move dynamic 2000 100 15 -3.0 1316 10.6
breakpoint in 200 16 -3.0 1346 10.6
60% of nominal 1000 100 16 3.0 144.5 9.3
200 14 3.0 142.2 9.1
o, Restrictior, *
* Test not run
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Table 6.—737 Step Response Data i
i
Response time to Percentage pres- i3
Pressure Dotl‘a;:e‘s‘;::)n 50 80% of prassure sure overshoot !
Test condition st'op changs {sec) of step change
change Prossure | Pressure | Pressure | Pressure | Pressure | Pressure xg
increase | decrease | increase | decrease | increase | decrease
Standard confiy- 0-3000 0.026 0.010 0.090 0.040 0 0 2
uration 0-2700 036 .010 .080 037 89 1] N
0-1600 042 010 082 042 0.3 0 3
600-3000 010 .010 .042 032 0 8.3
600-2700 .007 .010 .037 .038 o] 7.1 K
2. Decrease line 03000 060 012 108 040 0 0 ;
diameter 0-2700 .070 010 117 040 5.5 0 1
0-1600 .85 010 132 .045 120 1]
600-3000 010 .010 .042 .037 0 38
600-2700 010 010 .042 035 29 6.7
I
b. Increase line 0-3000 042 010 127 .060 0 0 &
diameter 0-2700 .060 .010 142 067 6.6 0 la
0-1600 060 .010 140 066 8.0 0
600-3000 010 010 070 045 0 6.3 i
600-2700 010 .010 072 042 43 8.6 :
. Move dynamic 0-3000 .0650 .007 .092 030 0 1]
breakpoint out 0-2700 060 .007 096 032 55 1]
150% of nominal 0-1600 .066 .010 100 .03p 10.0 0
600-3000 .010 007 .035 .030 1] 0
800-2700 .007 .007 037 .027 0 0
d. Move dynamic 0-3000 .080 .016 135 .046 0 0
breakpoint in 0-2700 .080 012 142 .045 8.9 0
50% of nominal 0-1500 105 .010 160 045 12.0 o]
600-3000 .015 016 .060 .036 4] 100
800-2700 012 012 047 ,036 29 L 10.0
e. Insert 20% 0-3000 .060 .010 100 037 0 0 |
return line 0-2700 .060 010 100 .037 6.5 Q
restriction 0-1500 080 010 106 042 4.0 0
600-3000 .007 010 040 .032 0 6.0
800-2700 .007 010 .045 .030 0 7.1 b
’AE
5
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SECTION V

BOEING 747 BRAKE CONTROL SYSTEM DESCRIPTION AND
SYSTEM CHARACTERISTICS

The 747 brake control system contains four basic elements: wheel speed transducers, anti-
skid control system, hydraulic system, and brakes.

The brake hydraulic system mockup is pictured in Figure 19. Line lengths, diameters, bends,
materials, and the general layout have been accurately reproduced in the mockup. Figure 20
is a schematic of the 747 brake hydraulics. Table 7 in conjunction with this figure defines
the significant hydraulic system information.

1. SYSTEM DESCRIPTION
2. WHEEL SPEED TRANSDUCER

The 747 wheel speed transducer, pictured in Figure 21, is a self-contained device mounted
in the axle. It has two functional parts, a rotor and a stator, each of which is made of
ferrous material and has 200 teeth. A magnetic field is established by supplying current to
the stator coil. As the rotor turns, the alternating alignment and misalignment of the teeth
in the rotor and the stator vary the reluctance in the magnetic current. This results in an
alternation in the supply current, which generates an AC frequency proportional to wheel
speed.

b. ANTISKID CONTROL SYSTEM

The Boeing 747 incorporates the Mark III skid system manufactured by Hydro-Aire for
brake control. The system is represented by the functional block diagram in Figure 22. The
wi zel speed transducers in each braked wheel provide the in-tantaneous wheel speed infor-
mation required by the control circuit. The transducer AC signal is converted to a DC
voltage in the frequency converter block. This DC voltage is directly proportional to the
actual wheel speed.

A reference aircraft velocity is provided by the reference velocity and reference deceleration
functions shown in the block diagram. At touchdown, the velocity comparator develops a
negative error signal, which forces the velocity reference to increase until the error signal
ceases. In this manner, the reference velocity is initial’ zed at touchdown for the braking
condition to follow. During the recovery from a skid, tite wheel spinup action results in a
reinitialization of the reference velocity.

The reference deceleration function provides an output derived from the gradually changing
component of wheel speed; thus, the output is proportional to wheel deceleration. The
reference deceleration is an input to the reference velocity function; it modifies the rate of
velocity decay as a function of the prevailing wheel condition.

37 Preceding page blank

# ke s

- it e




Figure 19.—747 Brake Hydraulic System Mockup
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Table 7.—747 Brake Hydraulic System Mockup

Index Line Line
Description point cize length

{from-t0} {in.)

Accumulator line 1-2 8526 18
Autobrake supply line 1.3 8526 60
Pilot metering valve supply 1-4 8526 218
Antiskid supply line 9-8 8526 36
8.10 8526 166

86 8528 192

8-7 8526 192

7.24 10833 168

24.25 6520 12

24.27 10833 8

21.28 10833 48

27.28 10833 188

Braks supply line (typical) 112 6520 8
1314 6520 132

14.16 1/4 hose 54

15.16 6520 80

16-17 1/4 hose 126

Return line (typicel) 18-19 10833 26
19.20 10833 24

19-21 10833 166

22.23 10A36 30
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The reference deceleration function provides an output derived trom the gradually changing
component of wheel speed; thus, the output is proportional to wheel deceleration. The
reference deceleration is an input to the reference velocity function; it modifies the rate of
velocity decay as a function of the prevailing wheel condition.

The signals from the frequency converter and the reference velocity function are summed in
the velocity comparator. The output of the comparator is a velocity error signal that drives
the control circuit, resulting in pressure modulation at the brake. The control circuit,
consisting of the pressure bias modulation (PBM), transient control, and lead circuits, is
responsible for normal system control.

The PBM is the time integral of velocity error and, in comparison te the transient control, is
slower to respond to error signals. The PBM determines the brake pressure when the wheel is
not skidding. It reduces the pressure level during a skid and gradually increases it after the
skid. In this manner, the system adapts to varying runway conditions and also seeks to keep
braking at the highest possible level.

The transient control is characterized by u fixed gain and threshold. Its input is the velocity
error coming from the velocity comparator and thus is a proportional control when the
appropriate threshold has been exceeded. The primary purpose of the transient control is to
reduce pressure quickly to provide wheel recovery from a skid.

The remaining control element, lead, is in the form of a velocity error rate, which is coupled
into the summing amplifier. Since it represents the rute of velocity change, a differentiation,
it provides a dynamic lead function that anticipates and initiates the brake pressure
modulation to help control skids. The lead control is used to quicken the system response,
thus improving efficiency. Appropriate use of lead control can alsc improve overall system
strut damping by way of dynamic compensation.

The remaining system components include the suinming amplifier and valve driver. Signals
from the PBM, transient, and lead controls are summed by the summing amplifier, and this
output becomes the driving function for the valve driver. The valve driver provides current
to the antiskid valve proportional to the voltage from the summing amplifier.

c. TOUCHDOWN AND LOCKED-WHEEL PROTECTION

In addition to normal skid control, touchdown protection on the 747 is provided by the
landing gear logic system. Proximity switches (two per truck) sensc when the airplane is on
the ground by noting that the trucks are out of tilt. While in the air, the logic system
supplies a brake release signal to the antiskid valve. Once on the ground with at least two
trucks out of tilt, the signal is removed, allowing normal antiskid operation to occur. Wheel
spinup will override the tcuchdown protection signaf, permitting normal braking if the
air-ground sensing switches are not activated upon touchdown.

Locked-wheel protection is provided for each wheel having antiskid protection. Four sets of
four-wheel groups are used. Both front and rear left outboard wing gear wheels are grouped

with the right front and rear inboard body gear wheels. The same pattern is used to combine
the remaining three locked-wheel groups.
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Locked-wheel protection operates through the normal control path of the system. The
system is implemented by generating a locked-wheel reference, which is a fixed percentage
of the highast reference velocity of the locked-wheel group. When the reference velocity for
a particular wheel is less than the locked-wheel reference (because of a wheel lockup), the
locked-wheel reference is used as the reference input to the velocity comparator. This
ensures that an error signal is developed and the brake released.

d. BRAKE HYDRAULIC SYSTEM

The 747 brake hydraulic system employs two pilot metering valves and four antiskid valve
modules as the basic system components. The system receives 3000-psi pressure from the
ships primary hydraulic system, This pressure is supplied to the pilot metering valve, which
is a pressure control valve. The metering valve pressure, which is the antiskid valve supply
pressure, is regulated by a manual input signal from the pilot. Depending on the input, the
pilot can meter from zero to 3000 psi to the antiskid valve. The metered pressure is the
maximum attainable output pressure of the antiskid valve. The : ~tual output of the antiskid
valve is controlled by the electrical signal from the skid control box.

The Hydro-Aire Mark 1II antiskid valve is shown in Figure 23. It is a two-stage valve with a
flapper and nozzle first stage and spool and sleeve second stage. A permanent magnet torque
motor in the first stage operates the flapper. The hydraulic bridge built around the flupper
consists of two fixed and two variable nozzles. The application of an electrical signal to the
torque motor from the skid control box causes the flapper to move from the neutral
rosition (maximum pressure). Movement of the flapper unbalances the bridge, with a resuit-
ant pressure differential applied to the second stage spool. Movement of the flapper from
the relaxed position serves to reduce pilot metered pressure to the brake. The forces on the
spool work to position it until an equilibrium position is reached. The output of the antiskid
valve provides the control pressure to the brakes.

e. BRAKES

The brakes used during the sensitivity study were manufactured by Bendix. The modulation
of pressure from the antiskid valve causes compression or relaxation of the brake stack.
Such action results in a controlled braking action.

2. BRAKE SYSTEM CHARACTERISTICS

As part of the sensitivity study, the characteristics of the brake system were measured. The
dynamic response of the standard 747 hydraulic system is shown in Figures 24 and 25.
Figure 24 plots a typical frequency response of the system, while Figure 25 represents step
response. Tables 8 and 9 compile the dynamic response data resulting from hydraulic system
changes.

The pressure-current characteristics of the 747 antiskid valve are shown in Figure 26. The
effect of varying the pilot metered pressure is depicted by the different curves.

The pressure-volume relationship of the standard 747 brake is shown in Figure 27. Also

shown are the p-v characteristics for the increased brake volume and increased brake gain
test conditions.
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Table 8.—-747 Frequency Response Data

Resonance Phase angle
point fre- Gain at at reso- F"““’“g‘"
- Test resonance at 80
Tast condition quency or nance or
pressure or-3db phase angle
{psi) (pst) -3 db fre: (db) 3db {Hz)
pui lps quency (Hz) (deq)
Standard 2000 100 6 5.4 61 7.2
200 ] 47 66 78
1000 100 6 4.7 60 6.0
200 8 43 83 8.3
a. Decrease line
diameter *
b, Incresse line 2000 100 8 6.3 70 6.6
200 6 4.3 62 7.1
1000 100 6 4.7 7n 5.6
200 B 3.3 59 8.2
¢. Move dynamic 2000 100 7 6.1 68 7.9
breakpoint out 200 8 6.5 86 82
160% of nominal 1000 100 [} 5.3 68 6.9
200 7 45 87 741
d, Move dynamic 2000 100 6 5.8 76 8.5
breakpoint in 200 6 6.2 69 68
50% of nominal 1000 100 5 4.7 78 6.4
200 ] 4.2 74 5.6
e. Restriction 2000 100 8 5.8 63 7.0
200 8 5.3 59 7.4
1000 100 6 4.7 64 5.9
200 3] 4.1 89 6.0
* Titnotrun
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Table 9.—-747 Step Response Data

Response time to Percentage pres-
DeIPy fesponse 80% of pressure sure overshoot
Prassure time (sec}
Test condition step change (sec) of step change
change Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
increase | decrease | increase | decrease | increase | decrease
Standard 0-3000 0.086 0.026 0.126 0.061 27 ]
0-2700 100 012 132 066 3.3 o]
0-1500 .085 017 197 .086 200 "]
600-3000 016 .030 060 .060 26 1.3
600-2700 016 017 .060 .045 171 1.4
a, Decrease line
diameter*
b. Increase line 0-3000 060 030 120 060 0 0
diameter 0-2700 .060 .016 118 .060 7.4 0
0-1600 .080 .016 .160 .060 200 0
500-7000 016 .030 .045 .060 25 16.0
€00-2700 0156 .016 .060 .046 14.3 171
¢. Move dynamic 0-3000 .060 .027 .090 .065 40 0
breakpaint out 0-2700 .080 016 116 .040 16.8 0
160% of nominal |  0-1500 113 .030 170 .050 240 0
600-3000 015 015 .030 .066 125 16.0
600-2700 015 016 .046 040 200 1741
d. Move dynamic 0-3000 090 {030 130 .065 8.0 0
breakpoint in 0-2700 .050 020 086 055 16.6 0
50% of nominat 0-1500 .150 .026 180 .036 20.0 0
600-3000 025 040 .0562 .065 12.6 12.6
600-2700 025 .020 .066 .045 20.0 17.1
a. Insert 20% 0-3000 .080 .030 .100 .067 4.0 0
return line 0-2700 116 .020 135 .062 16.6 0
restriction 0-1500 .165 .020 180 .070 240 4]
600-3000 .020 .036 .050 .0€0 5.0 15.0
600-2700 .020 .020 .060 .045 20.0 171
“*Test not run,
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SECTION Wi
C-141 BRAKE CONTROL SYSTEM DESCRIPTION AND
SYSTEM CHARACTERISTICS

The C-141 brake control system incltdes the brake hydraulic system, antiskid control
system, whee! speed transducers, and brakes. The brake hydraulic system mockup used |
during the sensitivity study is pictured in Figure 28. A schematic identifying the mockup
components is given 1n Figure 29, This figure and Table 10 specify the line dimensions and
materials used in the mockup.

B l‘i‘ﬁ LTk

1. SYSTEMS DESCRIPTION

i - 3 0,

a. WHEEL SPEED TRANSD!ICER

The C-141 wheel speed transducer, as pictured in Figure 30, provides the antiskid control :
system with instantaneous wheel spe*d information. The device is self-contained: a unit is : 3
mounted in the axle of each wheel. The transducer is a simple AC generator providing six .

cycles per wheel revolution. The signal is amplitude-modulated in addition to the frequency

modulation typical of wheel speed transducers. Both the frequency and amplitude are

proportional to wheel speed.

b. ANTISKID CONTROL SYSTEM %

The C-141 antiskid control system, designed by Bendix, provides individual skid protection
for the cight main whecls of the aircraft, The Bendix system is represented by Figure 31 ina
simplified form.

The axle-mounted wheel speed transducer provides instantaneous wheel speed information
to the control circuit, The transducer signal enters the circuit at the rate sensing block,
where it is conditioned and rectified to produce a DC voltage. The DC voltage is proportion- p
al to wheel speed. The DC wheel speed signal is ditferentiated, yiclding the wheel decelera-
tion used for primary antiskid control. The wheel deceleration is compared to a preset value.
When the fixed decleration level is exceeded, the degree of rate circuit supplies a signal to
the antiskid valve, which results in brake release. Two levels of control are provided by
circuit logic. The first level is initiated when a small deceleration rate occurs. This causes the
rate-sensing circuit to activate the Step 1 circuit, which energizes the Step 1 solenoid of the
control valve. The result of this action is a moderate brake release. For larger decelerations,
f the Step 2 circuit is activated, energizing the Step 2 solenoid and resulting in fast brake
¥ release.

. St 2

As the wheel spins up and the actual wheel deceleration becomes less than the conirol
thresholds, the Step | and Step 2 solenoids are decnergized. Reapplication of pressure is
controlled by the antiskid valve and not the control circuit. A schematic of the antiskid
valve is shown in Figure 32. !

¥
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Figure 28.—-C-141 Brake Hydraulic System Mockup
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Figure 29.—C-141 Brake Hydraulic System Schematic
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Table 10.—C-141 Brake Hydraulic System Mockup

Index Line Line
Description point length
size N
(from-to) {in.)
Common supply line 1-2 4820 50
23 4520 12
Common metered pressure line 4.5 4520 807
Common No. 2 pressure supply line 8.9 8535 120
A-gystem metered pressure line 6.7 4520 10
A-system brake line 1317 6528 2356
17-18 8536 336
18-19 3/8 hose 36
A-system No. 2 pressure suaply line 9.1 6528 12
B-system metered pressure line 6-6 4520 10
B-system brake line 12.14 6528 236
14-16 85356 338
16-16 3/8 hose 36
B-system No. 2 pressure supply line 9-10 8528 8
Retur line 20-21 4A20 66
22-23 6A28 ]
22:24 6A28 9
21.22 10A42 4
21-25 10A42 120
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Figure 30.—C-141 Wheel Speed Transducer

57

o i Bl B 3 v




s . ey a,.j,.,._él.«,, s e

uresberq ¥90/g WASAS PIYSBUY Lp1-0— LE ambld

2277777777277 7077

58




Step 2 solenoid

f
\

21070707070 70Te e 0 0T0 04T 0
AOOOOIOLOODNNHRC
| 6800000000000 %4 %0 %0 % %0 20 e % e e

[all

3000-psi
supply

syt
A

g Brake

g~ Raturn

Reapplication
orifice

1

Pilot

watp———— Metered

pressure

6 &

Step 1 solenoid

Figure 32.—-C-141 Antiskid Control Valve Schematic {Shown Deenemgized;
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c¢. TOUCHDOWN AND LOCKED-WHEEL PROTECTION

The locked-wheel protection consists of an arming circuit and a sensing circuit. The sensing
circuit determines if the wheel is turning at a rate faster than 85 rpm (15 mph). When the
wheel is rotating faster than this speed, a signal is supplied to the arming circuit; if not, a
signal is produced, if the system is armed, to activate the Step ! and 2 solenoids.

For arming, the four forward wheels and the four aft wheels are paired. The system is armed
when any of the four wheels is rotating faster than 85 rpm. A time delay circuit prevents
disarming for momentary lockup of all four wheels. Touchdown protection is prcvided by
arming the system in the air using squat switch logic.

d. BRAKE HYDRAULIC SYSTEM

The brake hydraulic system has two major components: a pilot metering vaive and an
antiskid valve. The system is supplied with 3000-psi pressure from the ships hydraulic
system to the pilot metering valve. The valve is a pressure control device with an output
pressure limited to 2200 psi. The aircraft b, right and left metering valves allowing the pilot
to employ differential braking. The pilot metered pressure, which is an input to the antiskid
valve, is the maximum available pressure at the brake., The actual pressure at the brake is
controlled by the electrical signal from the skid control box and antiskid valve.

Unlike the more advanced systems, which employ pressure control valves, the C-141 anti-
skid valve is a simple solenoid valve. In addition to the ~ontrol pressure from the pilot
metering valve, the antiskid valve has a second supply that provides 3000-psi pressure and
serves as the main hydraulic supply to the brakes. The 3000-psi is reduced to a maximum
output pressure of 2200 psi by a force balance within the antiskid valve. The control box
supplies a signal to the antiskid valve, resulting in a pressure dump to zero pressure. The
actval dump rate is determined by an orifice and by two solenoids, which are termed Step |
and Step 2 solenoids.

Activation of Step | allows the control pressure to dump through an orifice, This results in a
moderate dump rate. Activation of the Step 2 solenoid opens the brake and control pres-
sures directly to return, causing a very fast pressure dump. Reapplication of pressure is
initiated after both solenoids have been deenergized. The pilot control pressure is then
metered through an orifice. The orifice size determines the reapplication pressure rate.

e. BRAKES

The C-141 brakes used in the mockup were six-rotor stecl brakes. The modulation of
pressure from the antiskid valve causes the brake stuck to compress or release. This action
results in a controlled braking action.

2. BRAKING SYSTEM CHARACTERISTICS

During the sensitivity study various system and component characteristics were measured.
The dynamic response of the standard C-141 hydraulic system is shown in Figure 33. This
figure is a representative step response curve for the system. Table 11 compiles the step
response data resulting from the hydraulic system changes.
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Table 11.—C-141 Step Response Data

Pressure decrease

Pressure incraase

Tast Solenoid Delay Response Delay s Lovel
condition sctivated responss time to 80% response lt;po ' ‘ovie)
time {sec) | Of Pressure time (sec) | (PW/sec) | (ps
change (sec} :
Standard 1 0.030 0.227 0.032 1860 310
a. Decreased line 1 .030 230 .040 2250 300
diameter
1,2 .032 .067 210 760 {1040
b. Increased line 1 026 230 .030 2150 300
diameter
1.2 .025 087 ,228 1050 900
¢. Move dynsmic 1 .020 223 028 2500 300
breakpaint out
160% of nominal 1,2 .020 .040 120 1060 800
d. Move dynamic 1 036 230 038 1670 320
breskpoint in
50% of nominal 1,2 036 065 210 1408 | 950
o, Insert 20% 1 027 218 .035 2250 310
return fine
restriction 1,2 027 066 160 1100 840

R i R
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The frequency response end pressure-current characteristics were not run on this system i

because of the nature of the antiskid valve. "4

The pressure-volume characteristics of the standard C-141 brake is shown in Figure 34. Also }z

included are the p-v relationships for the increased brake volume and increased brake gain -

tests. !
=
i

ot

EEmTT

A 1124 et




SOIISIIINICIBYD NUNJUN -AINSSBL WISISAS axelg | pl-D— pE anbl4 u

{g o) awnion axesg

[ oz oL 0
T [P ——Sp——— o
\\ \\ \l
I'4
\ —{oos
' s
x
‘ —{oo0t m
: i 3
<
e
' ]
\ ~oost
1]
\ e
3
5l 10)BMUOR n.:.?o—l -—
E snenunace UHQL SN yesq prpUBS —— —— -jouse

ayex prepueis




-SECTION VI

F-4 BRAKE CONTROL SYSTEM DESCRIPTION AND
SYSTEM CHARACTERISTICS

The F4 brake control system consists of four basic elements: wheel speed transducer,
antiskid control system, brake hydraulic system, and brakes. The hydraulic mockup used in
the sensitivity studies is shown in Figure 35. The mockup was loaned to The Boeing
Company by Hydro-Aire for this series of tests. Figure 36 is a detailed schematic of the
actual system tested. Table 12 lists the pertinent dimensions and materials used in the
hydraulic simulator.

1. SYSTEM DESCRIPTION
a, WHEEL SPEED TRANSDUCER

The F-4 wheel speed trunsducer provides the antiskid control box with the required instan-
taneous wheel sperd information. The transducer is a two-part device, consisting of a rotor
and an electromagnetic sensor. The sensor is mounted in the bruke housing and is stationary.
The rotor (sensor exciter ring) is mounted on the wheel assembly and contains 90 teeth. The
sensor, which consists of a permanent magnetic and coil, creates a magnetic field. As the
rotor passes through the field, the alternating alignment and misulignment of the rotor tecth
and the sensor vary the reluctance in the magnetic current. This results in an alternating
current with frequency proportional to wheel speed.

b. ANTISKID CONTROL SYSTEM

The F-4 Hytrol Mark Il skid control system tested is represented in block diagram form by
Figure 37. The system requires active wheel speed inputs. This information is provided by a
transducer located at each braked wheel. The transducer AC signal is converted to u DC
voltage in the control box by the squaring circuit and velocity amplifier. The squaring
circuit converts the sinuscidal wheel speed signal of 4 square wave with frequency propor-
tional to the wheel speed. The velocity amplificr then reduces the square wave to a DC
voltage. The level of the DC voltage is a measure of the true whee! speed.

The DC wheel speed is differentiated in the rate amplifier to produce instantaneous wheel
deceleration. This deccleration is compared to a fixed threshold value; when the actual
wheel deceleration exceeds the threshold, a brake release signal is initiated. The duration
and magnitude of the brake release is based on the absolute wheel speed departure. In
addition to this proportional control a pressure bias modulation (PBM) circuit provides an
extension of the original control signal af*er the wheel has recovered from a skid. During a
skid, the PBM is charged to a level prc . tional to the duration and magnitude of the skid.
After the wheel has recovered from a skid, the PBM discharges ramping pressure on. To
ensure that the same brake pressure is not reapplied after a skid. (he PRM is charged to a
higher value than it had previous to the skid.
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Figure 35. F-4 Erake Hydraulic System Mockup
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Table 12.—F-4 Brake Hydraulic System Mockup
Index Line Lire d
Description point size fength ! !
(from-to) (in.} | j
Common supply line 12 8A -~ 36 :
2-3 8A— 48 -
)
A-system supply line 34 8A- 12 i b
A-system metered pressure line 812 4A36 36 ‘
1014 4A36 22 5
I P
A-system brake line 1618 4A38 560 P
18-20 114" hose 38 Ty
l
B-system supp'y line 36 8A— 12 l‘
B-system metered prassure line 713 4A35 36 |
1114 4A36 22
B-gystem brake line 1718 4A36 304
) 1921 1/4" hose 36
Common metered pressure line 14.16 4A36 14 !
Return line 822 B8A35 12
9.22 6A36 12
2223 B6A356 22
2324 6A36 33
2326 6A35 48
25-26 6A36 14
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The remaining component of the system is the valve driver, which provides current to the
electrohydraulic antiskid servo valve for a given voltage input from the rate amplifier.

The Mark II system used on the F-4 provides paired skid control to the two main gear
wheels. Paired skid control supplies a brake release signal to both wheels even though only
one wheel may be skidding.

¢. LOCKED-WHEEL PROTECTION

The locked-wheel protection consists of a second rate threshold. When the deceleration rate
of the wheel exceeds 120 rad/sec2, a full dump signal is applied to the valve. Duration of the
dump is a function of the recovery time of the detection circuitry.

d. BRAKE HYDRAULIC SYSTEM

The F-4 brake hydraulic system is composed of two pilot meteting valves, one dual antiskid
valve, and the associated tubing. The system requires a 3000-psi pressure supply to the pilot
metering valves. The metering valves are pressure control devices capable of metering a
desired pressure level. The two valves, right and left, supply pressure to the second stages of
the right and left antiskid valves. The metered pressure level determines the maximum
pressure available at the brakes. With an independent supply pressure to each antiskid valve,
the pilot is capable of applying differential braking for directional control.

The antiskid valves are electrohydraulic pressure control devices. The two valves required by
the F4 have been integrated into a single dual valve module, as shown in Figure 38. The
antiskid module has a common first stage and two independent second stages. The first stage
consists of a t:apper and nozzle while the second stages incorporate a spool and sleeve
arrangement. The design of this valve is unusual; in addition to the two'independent
second-stage supplies from the meter valve, a third supply pressure is required for the first
stage. The higher of the twc pilot metered pressure levels acts as the supply to the first
stage. This is accomplished through logic provided by two check valves on the inlet side of
the first stage. In addition to the supply pressures, the antiskid valve is supplied with an
electrical signal from the skid control box. The signal is applied to a permanent magnet
torque motor that causes the flapper in the first stage to move from the neutral position.
Movement unbalances the hydraulic bridge formed by the first stage nozzles; the resulting
differential pressure is applied to the second stage spool. Movement of the spool allows the
output of the antiskid valve to change. The hydraulic forces on the spool work to position
the spool until equilibrium position and pressure are reached. The output of the antiskid
valve is then transmitted to the brake.

e. BRAKES
The F4 brakes used on the mockup were an eight-rotor brake. The modulation of “ressure

from the antiskid valve causes the brake stack to compress or release, resulting in a control-
led braking action.
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2. BRAKING SYSTEM CHARACTERISTICS

During the analysis of {13 hydraulic system, various systein and component characteristics
were measured. The dynamic response of the standard F-4 brake hydraulic system is shown
in Figures 39 and 40. Figure 39 plots the system frequency response, while Figure 40
represents step response. The dynamic response data resulting from changes to the hydraulic
system is compiled in Tables 13 and 14.

The pressure-current characteristics of the antiskid valve are plotted in Figure 41. The effect
of varying the metered pressure is depicted by the three differen’ curves.

Figure 42 plots the pressure-volume relationship of the standard F-4 brake. Also included
are the p-v relationships for the increased brake volume and increased brake gain tests.
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Table 13.—F-4 Frequency Response Data

Resonance

Phase angle

. Gain at X Frequency
) Test point fre resonance at reso at 90°
Test condition quency or nance or
pressure or-3db phase angle
(peiizpsi) -3 db fre- (db) 3do {Ha)
PELEP quency (Hz) (deg)
Standard 2000 100 238 5.0 73 33
200 4 3.9 81 42
100u 100 3 4.5 79 33
200 3 2.1 60 4.1
a. Decrease line
diameter *
b. Increase line 2000 100 16 2 29 3.1
diamater 200 28 4 38 4.3
1000 100 26 1.8 86 27
200 3.2 1.8 86 37
c. Move dynamic 2000 100 5.4 79 81 5.8
breakpoint out 200 6.0 6.2 64 71
160% of nominal 1000 100 44 6.2 74 6.0
200 6.0 3.8 86 6.2
d. Move dynamic 2000 100 2.2 2.4 7 25
breakpoint in 200 26 1.4 n 3.2
60% of nominal 1000 100 24 1.8 76 26
200 26 1.0 69 3.3
e. Restriction 2000 100 28 3.7 78 3.1
200 38 3.8 73 4.2
1000 100 32 5.1 86 3.3
200 40 2.5 88 4.1
* Test not run
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Table 14.—F-4 Step Response Data

Delay response Rasponse time to Parcentage pres-

Pressure ":18 (:;C) 80% of pressure sure overshoot

Test condition step changa (sec} of step change
change Pressure |Pressure | Pressure | Pressure | Pressure | Pressure
increase |decrease | increase | decrease | increase | decrease

Standard 0-2700 0.040 0.035 0.252 0.077 4.4 0

0-2400 .040 022 .245 067 5.0 0
0-1350 060 020 270 010 89 0
600-2700 020 040 110 075 5.7 86
600-2400 020 023 105 066 8.4 100

a, Dacreass line
diameter *

b. Increase line 0-2700 03 022 .360 065 2.2 0
diameter 0-2400 03 021 .340 .057 25 0

0-1350 045 022 .290 065 44 0
600-2700 017 037 210 070 28 167
600-2400 017 022 185 052 34 17.3

¢. Move dynamic 0-2700 .025 .022 210 045 44 0
breakpoint out 0-2400 .023 .010 192 033 34 o
160% of nominal |  0-1360 047 012 .220 045 6.7 0

600-2700 010 030 .080 047 43 128
600-2400 010 010 .070 027 10.0 134

d. Move dynamic 0-2700 050 045 .300 100 44 0
breakpoint in 0-2400 .045 030 ,288 092 38 0
650% of nominal 0-1350 .057 .032 .300 136 44 0

600-2700 030 050 146 095 5.7 71
600-2400 030 032 135 08u 6.7 8.4
!

a. Insert 20% 0-2700 040 035 .260 080 34 0
return line 0-2400 022 020 .240 070 38 0
restriction 0-1350 062 020 280 115 6.7 0

600-2700 020 040 A7 075 5.7 85
600-2400 020 022 107 057 6.7 10.0
R S
*Test not run
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SECTION Vili
REGION OF ANTISKID SYSTEM OPERATION ON MU-SLIP CURVE

; The purpose of an antiskid system is to maximize the braking effort and at the same time
. prevent tire skidding. The actual level of braking attained is a direct result of the antiskid
km( system design and implementation. During the sensitivity studies, an effort was made to
measure how effective each antiskid system was at maximizing braking. To determine the
level of operation, an oscilloscope was used to plot ground friction (mu) verses wheei slip.
The ideal aatiskid system should operate at the peak of the muslip curve, maximizing
friction and limiting slip. Actual systeras operate over a region of slip and at friction levels
: lcwer than maximun. Early antiskid systems tend to operate over a wide range of slip,
4 which results in a very low friction level. Present systems are designed to operate over a
smaller slip region near the peak friction value.

The actual region of mu-slip operation is described for each antiskid system in the following !
¢ parugraphs. Regions I, I, III, and IV as depicted in Figure 43, will be used to define the ki
: operational characteristics ot each system. .

1. Boeing 727 Mark 11

The Boeing 727 Mark Il antiskid system operates in regions II and I at all values of peak
mu. During highspeed operation, the system cycles in region II only. However, as the
aircraft slows, deep skids occur, extending system operation into region III. As brake re- ! g
leases occur, the system recovers from the high slip condition by cycling up the back side of ; )
the curve into region il

2. Boeing 737 Mark Il

The Boeing 737 Mark III system operaies around the peak of the mu-slip curve at all peak i
available mu levels. At high peak mu levels, the system operates in region 11 At lower peak
3 mu values (0.1 and below), the system allows the wheel to go into deeper skids, operating in
4 rer.ons Il and IIL.

3. Boeing 747 Mark 11

The 747 Antiskid System limits slip *» about ©u-30% tor peak mu values as low as 0.2,
| Thus, it operates predominately L regiot. 11. As available frictior drops below 0.2, the wheel
goes into deeper skids, reaching about 60% slip (region III) and then cycling back into
| region Il and the brakes release,

The Bendix C-141 antiskid system operates over the entire range of slip, regions i, 11, ill,
i and 1V, at all values of available ground friction. The system simply cycles between the.

free-rolling o the locked-wheel condition during the entire stop. Thus the system operates
| below the peak friction value most of the time.

!
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5. F4Mark 1l

The F-4 Mark IT system was found to operate in region I of the mu-slip curve when the peak '
available mu was greater than 0.2. At lower peak mu values, the system cycled over the peak :
into regions II and III. The wheel progressed into deeper and deeper skids (region IV) as the
aircraft slowed.
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SECTION IX

DETAILED SENSITIVITY STUDY TEST PROCEDURE AND SEQUENCE

1. TEST PROCEDURE

The sensitivity study of the braking segment ~onsisted of nine separate system tests. The

tests were implemented as the system pari ¢ were varied, one at a time, to determine
the sensitivity of aircraft performance to . aer .-, VL tests can be divided into threc
categories:

®  Stability studies

®  Performance studies

o  Hydraulic system studies

The tests performed in each of these categories are outlined below.
a. STRUT STABILITY STUDIES (Test 1)

System stability is directly related to stopping performance in that severe instability will
result in loss of braking and can present a serious safety hazard. In this study, the ability of
a biake control system to contribute to the stability of the landing gear was evaluated, The
stability margin of the system wus determined by finding the damping required for stability.

The purpose of the test was to determine the contribution of the brake control system to
landing gear osciflations. During a run, the brake torque was caused to peak from its
nominal value to its maximum value numerous times during a stop. The timing was varied so
that the steps would occur during all operational modes of the control system. The strut
displacement was monitored to determine the influcnce of the control system on strut
stability, Two gear frequencies were evaluated to cover the expected range of natural fre-
quencies for the system. Gear damping was varied to find the point where the system
becomes unstable, '

Gear compliance and its effe:t on the wheel perturbations was also tested. The ability of the
system to dampen gear oscillations for two ditferent compliances was assessed.,

b. PERFORMANCE STUDIES

The brake system was evaluated under four different conditions chosen to provide a
measure of its performance capability. These include airplane touchdown dynamics,
stabilized landing, step mu rhange, and wet vunway. OF the four tests, three fall into the
general calegory of system adaptability to typical operating conditions. Iy or wet putches
on an otherwise dry runway were simulated by the step mu test. Typical load changes
encountered during high sink rate landings were simulated. Mu changes with specd as
encountered on a wet 1unway were evaluated. The other condition covers the general
category of stabilized performance.
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1. Touchdown Dynamics (Test 2)

The purpose was to determine transient response upon touchdown. During testing, the air

|
i
vehicles were braked at a preselected brake application speed V5. During the braking run E 4
from speed %5 to VB, mu was varied in a manner to simulate a typical touchdown load |
profile of the airplane being tested. The available ground mu was restored to its full initial |
maximum value when braked-vehicle speed reached a value of Vg. Full pilot metered |
pressure was available during this and other runs, unless specifically mentioned otherwise. 3
. “ 2. Stabilized Landing (Test 3) P 3
i 3

The purpose of these tests was to measure brake system efficiency under 2 stabilized braked
condition and to determine the skid index and cornering index. The tests deternvined a
baseline performance for each system.

st i

During the tests, the vehicle was braked at a preselected braked speed Vpa. Braking was
continued until the vehicle was brought to a full stop. During these tests, the available
b maximum ground mu was held at a constant value throughout the entire run. This value was
:;‘ varied from one run to another to cover the entire range of available ground mu (0.05,0.1,
0.2, 0.3,0.4, 05, and 0.6). A random noise generator was used to input a disturbance on
mu to simulate a typical runway roughness profile for selected conditions.

A

3. Mu Steps (Test 4) i

The purpose of this test was to measure brake system adaptability during adverse runway
conditions, such as tar strips or icy patches on the runway.

The test was designed to simulate sudden changes of available ground mu resulting from l?
water puddles, icy patches, or the presence of tur strips. l
i
I
|
|
|

The braking run proceeded for the first few scconds with a high available mu, Then the first
of several mu step changes occurred. Each consisted of u pulse width of 750 milliseconds
dropping the mu to O.1. After each pulse, the mu was restored to its high value for §
] seconds. Thus during the test, the system was subjected to several step changes so that its
] operation under a variety of conditions could be observed. A poorer performing system !
encountered more step changes than a better system.

4. Wet Runway (Test 5)

The purpose of this test was to study system performance under adverse runway condi-
tions. During the test, the value of peak available ground mu was made to vary from a low

; value at high speed to a high value at low speed (Figure 44). This relationship is representa- :
[ tive of the availuble ground mu normally encountered on a wet runway. The vatue of mu at 5‘
;‘, high speed was modified in some cases to ullow the wheel ample ground friction to spin up \j
;‘ the wheel, .

3

hmmw\m“nummu_u“

e d




G U SN . AR Ll

Speed &

Figure 44.~Mu-Speed Curve for Wet Runway

85

ot W e i 2t LA




o
v

5. Hydraulic System Response (Tests 6 and 7)

Frequency response and step response tests were run on the brake hydraulic system. Fre-
quency response tests were run over the frequency range of 0.5 to 50 Hz and at amplitudes
of £100 psi and £200 psi. This test was conducted at mean pressure levels of 33% and 66%
of supply pressure.

The step response curves consisted of the following steps indicated in percentage of supply
pressure:

From To,
0 50
0 90
100 20
100 0
90 20

The input to both tests was valve current, and the output was the pressure at the brake.
6. Antiskid Valve Characteristics (Test 8)

Static pressure versus current curves were also run on the servo valve for each airplane at
metered pressure levels of 33%, 66%, and 100% of supply.

7. Hydraulic System Pressure—Volume Characteristics (Test 9)

Pressure-volume characteristics were measured for each brake The test conditions are listed
in ASD-TR-74-41, Volume I, Section V.

2. TEST SEQUENCE

The sequence of the tests is given in Table 15.

86
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Table 15.—Test Sequence

Condition

| Test

l

Variable changed

Airplane
Baseline 19
1a 3,6 w, IYY' vg
tb 3,6 W,y vg
2 3,5 Hg,
2b 3,8 Hg.
2c 3,5 IW, Ia by
2d 3,5 'yy' La g
3a 3,6 Vaop
3b 3,6 Vaop
4a 2,3,6 Spoiler time
4b 2,36 Spoiler time
4c 3,6 CL.Cp
4d 3,6 C..Cp
4e 3,6 Foor Ke
4f 3,5 Faor Ke
Ga 1,236 Pressure application rate
Bb 1,2,3,6 Pressure application rate
Bc 1,2,3,6 Prassure application time
6d 1,235 Prassure application time
R y and Envir | System
Baseline 3,6
1a 3,6 Vwind
1b 3,6 Viind
le 3.5 VYwind
2a, b 3,6 op
3a 3,6 Runway roughness
3b 4 Runway discontinuities
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Table 15.—Test Sequence (Continued)

Condition

Test T

Variable changed

Landing Gear System

Baseline

1a

1

28
2b
2
2d
2e
2f
3a
3b
dc
3d

3t
3
3n

3,6

3(0.4 mu
and greater)

3(0.4 mu
and greater)

1,3,6
13,5
1,3
1,3
1,36
1,36
1,3,6
1,386
1.3
1,3
3,6
3,5
3,5
3,6
1,3
13
1,3
1,3
3,6
3,46
3,4,6
3,4,8

Break trequency

Break frequency

Tea

TeG

Tea

TaG

u - 0 Slope

M - G Siope

R, lw, Mw, wet runway mu
R, lw, Mw, A, wet runway mu
u - o shape

U - Oshape
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Table 15.—Test Sequence (Concluded)

B o o

Condition T Test ] Variabte changed
Hydraulics
Baseline 3,6
1a 1,3,8,7 Line diameter
1b 1,3,6,7 Line diameter
1c 1,3,6,7 Line length
1d 1,3,6,7 Line length
1e 1,3,47 Return line restriction
1 1,3,9 Brake volume
19 1,39 Brake volume
89
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SECTION X
PERFORMANCE INDICES

Tables 16 through 25 contain the numerical values of the performance indices for all of the
agircraft tested. Listed for each test condition is the available friction (mu), airplane braking
distance (Xp), perfect braking distance (Xp), braking distance efficiency (ng), developed mu
efficiency (np), skid index (SI), and cornering index (CI).
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Table 16.—727 Baseline Braking Data

Condition Mu Xa Xp LA o sl ci
Test 2:
Touchdown 0.6 1418 1087 | 76.66| 71.60| 24.82 53.76
dynamics 0.6 1674 1269 | 79.99| 74.01| 2454 49,96
0.4 1854 1505 | 81.18| 7337 | 18.80 46.46
0.3 2494 1893 | 76.90| 64.60 | 19.33 36.48
0.2 4872 2695 | 63.26 | 38.82 | 1645 28.85
0.1 9107 4321 | 47.45( 3389 7.28 26,78
Test 3:
Stable 0.8 1278 1087 | 86.06| 16.21 | 20.06 53.72
fonatrsg 05 1456 | 1260 | 8648 | 75.63| 2420 | 5142
/ 0.4 1760 1605 | 86.00 | 74.24 | 18.97 49.12
: 0.3 2250 1893 | 84.13| 69.76 | 15665 41.81
: 0.2 4192 2396 | 61.30 | 47.19 | 16,99 28.31
' 0.1 3762 4321 | 49.32| 34.18 [ 7.37 27.07
Test 4:
Mu steps 0.1t00.6 1734 84,27 | 18.83 51.81
Test 5:
Wet runway 0.06t00.06 | 5010 3328 | 66.43 | 44.91 | 1635 17.33
"
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Table 17.—727 Sensitivity Test Data
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Table 17.—727 Sensitivity Test Data (Continued)
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Table 17.~727 Sensitivity Test Data (Continued)
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Table 17.-727 Sensitivity Test Data (Continued)

w ) ) Ne | > |m a
1 0. Knot ¥ing j
geabidaed landing (3 1508 (V305 ReSwE a7 za03] o5 58
) y 2047 | 1814 { 8e.83] B38% [ 70,08] 42,70
N 2 5164 | 3165 | eV.29)45 .61 18,08 | 26,64
Mot Bunwvay PRET EIETY KT R I AT Y
2 Mot Day - Wigh Altitude .
. Stabilired landing 6 1302 - [1108 [ 8503|naeolera8] 58,04
b TRV [ 1860 | 869 82.27]18,72 | 47.07
.2 45'0 | 21341 59,80] 48,73 1 6. I8 | 27,20
Mot Runvay 5444 | 3709 | eB.3 | 48.¢0] 15,13 ] 141
H Cold Day - Bes Level
Stabilised landtng 6 1236 | 1098 | Bu.LO)waaz | ¢5.97 § 53,45
N 1654 | 1446 | 87.42 ] ©1.38] 11,40 § 40,37
.2 1825 | 2422 | 63.32 | 43,74 | .00 | 2943
¥at Munvey 402\ | 296k | 718.70) 411,76 ] 14,541 17,948
) Rough Burfecs Runwey
Stabilized lending 60 o [egy B4a.99fas 1oa.as] 8092
Ry 1isy |v505 (85,88 B4.35118,22 | 43,04
2 4190 [2594 [e1.% 149.80] 16,26 27,42
Mot Bupvay . YRR ST FINTA IR D
A _Hish Fade Praks
Btabilirad landing & 1261 11087 | Ba,20| A0.41]¢8.18 | G156
0y 1460 | 1259 18683 82 96| 21,99 | o1, G
y 1726 |'505 | 87.20] @2,60] 18, 41,62
Ab. Joi Zads Braks .
Stahilized landicg 3 vipo [oey (84Sl eeislee.ue[oa 6a
5 149R | 1259 | B86.95 L1, Ok
o 1129 |1505 [ B1.04 [ Be vy | v@ 47, 02
le Torque Peehing to L30% of Punning
gtobllized_langing ) 1286 Jrony |84.5%[ wi.44]2030] 64,11
N Vviss |iuos | e, B4 BIL.GO 11,11 | 48,58
2 128 J2en4 | ¢2.84] 4b.04f e,/ 3] 27,20
Vet Punvsy 4720 | 4528 | 70,51 | 45 63 [ 14, 17.08
14 Jo Torque Peakigg,
Gtablllzed Landing A 1274 (1087 | BuA2{RA2 | TN 52 14
y vie R {150% | 87.09] 8e.R7) e 45 4¢. 99
2 A1 54 | thad | 6ea1o] 4652702 | ¢a.8
Mot Bunymy ang | 4328 | 10.541 AN5a] v [ 15,92
e Torays Besonse Break Puint 1308 Nomilal
Btnkllized tacding L 1217 [togy [eoit §8son [27.70 | 52,91
N V120 [1906 [ g 150 Re. RIS 46,09
) AR | 2594 | g2.03] 4= 40 ]i¢ 8 {2128
3L Loraus Rsancinas Jkask. roint 4ol Nowilul
Atabtlized Landiug 4 et |Vowg [RAZO ) BV 0o 104,08
" 173¢ [ 1505 ] a6l [RLAS T 48. 60,
N A1z4 [es94 [ N0 40w s, 2807
96

Suei$: i

Jas s

s i < s

AL



e ST TR

TR

hi ki

Tatle 17.-727 Sensitivity Test Data (Continued)
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Table 17.—727 Sensitivity Test Data (Continued)
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Stedllized Landing 5 1334 |los [ 18,15 | RlL.ese | 2,88
t 1taR | 1505 | as 2 §3,78) 18,14
o . 4298 [ 2594 ) 00.38] 47.98] 15,84
et VaItige) 8¢11{nens 220% of Nomined
Stahilized Landing " 1294 | 10w [84.00] 85,58 { 29,04
" 198% 11505 | B5.78] B4.LO] 18,26
N 416l | 2594 | @2.34]{ 49.92 | 16.48
Aok Bushy 4886 | 3328 ¢ 6811 ] 51.00] 1a.4%
AL Yersisal stiffomas BOL of Nomiaal
Ftobilized tanding A 1292 [1om | BL.AG] w8.49] 23.20] so.%4
N 1151 | 1505 | 9655 ad.66 18.27] 41,90
. | 4262 | 2574 | cO.Be| AB.B0| 15,92 ] 28,48
Wy Munyay 4891 | 3328 [ 60,04 S1.32] Ve.47] 15,20
X Yertice) Damoing 120% of Hominal :
stabilized Landiog fi 1274 | 108 ) 8652 BB.4) |29.02 | my .
N 145 | 19051 86.25] BL.66 18,67 | 47.04
o 42066 | 2594 [co.u1]49.18 [im.86] 2802
Net Punwey 4884 '2328j6B. VA RLAL s 42 15, %R
My Steps \154 7,93 |10.65 | %6.03
3 Yertical Damoing B0% of Nominal
Aeebilized Landing 6 11277 Jiogt |8uz BB onl28.93] 51 48
N 1748 | 1505 8.0 | 89.24] .54 | 47.20
2 ]A2V5 [ 2894 [ 61.54149.54]10.48] 24,95
et Bunyay 4877} 5328 [om.24] 51.65[1=.%4 115,50
a1 Stena 1909 2222 10.81152.%5
is Dec ace Line Dispaser 3%
tabilized landiog S V27 ion] |Bes|Banz]er o7l Le 20
i} 1788 | 1565 | a4t 19.06] 11.04] 50,41
2 42066 | ¢una f o8| 48.85] 1660 27,3
S
1 Inceress Line Diameter 500
Stabilized landing 6 1300 1o | Re.Ge| BO.Lg] 26,28
o yina [iuosfus] 18.08) 1.4l
.2 Adde [ esn Al o o] A% 441 1b.RG
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Table 17.—727 Sensitivity Test Data (Concluded)

COMITION  DECNIFIION {w 1% % Ne { N |ms o1
13 of 1Y ——
Saviiised lanaing 6 Li2wo |ioag [ Banz] Re asl 27.e5] neovs
& 13114 [isos [ arm | su.2z] o0 al e e
2 | 4217 12894 Jei 61 ] as.az] 1. 28] v e
of. insl
Atabiiired Janding 4 Ji1eap flomn | 34.69]85.32]26.90) se. 08 |,
W 177t |150% ) Ha 98} 8115 ] 17.85) 48,24
2 4688|2594 | 55.33] 4176 [ 1613 J26.9)
A0 Raturn LI.I!
Atavidiasd londing 6 112y Jiomo | Bu.s2 ] W6 [ 29,26 f 31,22
o 1747|1505 | Bu.a8] 82.20] 18,81 | 48,496
2 |48 12nae [Gz.aa] 49.10] a5 ] 2665
— St 167 €3.90]117.81 | 5278
3¢ Iocreass Rrake Yolume ¥ 10400 .
atabilizad Landing .6 1269 11087 | 8L 66| BB.25) 26.51 | 52.8y
W 1750|1505 | 8.00] 81.10] 1825 | 47,95
2 | %4ez2 (2604 o812 | 44.32] L.57]| 26012
71 Incresan Scaka pex Goln
Otabiliusd fending (1 159 [Vo8T | Banalwo.6of 2330 | 554
N 1og [1508 | B ) ws, Lol im 81 | a5, 8y
2 4349 [ 13% | 89,65] 40.68] 11921 28.%8
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Table 18.—737 Baseline Braking Data

Condition Mu Xa )(p s ) Si Cl g
Test 2 !}
Touchdown 08 1237 914 | 73.80 | 77.14 | 27.10 61.82 [ .
dynamics I
v 05 1348 1063 | 78.86 | 80.63 | 26.13 48.16 ‘,
04 1549 | 1280 | 5263 [ 8312 | 2084 | 4540 P
b
0.3 1808 1626 | 86.76 | 84,63 | 16.00 43.10 ‘
0.2 2661 2263 | 88.3¢ | 86.64 | 1092 | 30.38
I
0.1 4342 3883 | 89.43 | 57.84 4,95 3744 |
0.08 7628 6439 | 86,63 | 83.64 2,22 36.66 X
Tut3: :
i
Stabilized 0.8 1063 914 | 86.58 ;42,90 | 32.09 61,22 i
landing !
05 1216 1063 | 87.49 (86.20 |27.22 | 46.84 |
0.4 1440 1280 | 88.88 |86.06 |21.59 46.84 !
0.3 1798 1826 | 90.63 {87.41 | 18,08 44.84 ;
02 2454 2263 | 92.22 |88.49 |10.67 42,04 i
|
0.1 4182 3883 | 92,86 8853 5.28 35.63 |
0.06 7079 6439 | 90.96 }31.94 2,54 3212 l
i
: Test 4: ’ .
E Mu steps 0.110 0.6 1309 71.88 |20.78 54.81
f
g‘ s
Test B: bl
i Wet runway* 0.06 to 0.06 3207 2722 | 84,88 (87.83 6.89 34.10
b
B * An sverage of data from runs yielding Xp, values of 3171 and 3244,
5 .
i i 3
H i K
i {

b
E
i
H
i

£
{ i
; :
- 3
5 :

i
% 100
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Table 19.—737 Sensitivity Test Data

. K. A » Ne | Mo o1 [
1Y Maximem hnah\! Neight N
w6IT1ied TandTng K3 R T Ri. JARGA)
i ES TR LREIN ETRE) KRR
2 EYERS (A0, 9.6t | R ah N, 47,5
. Met Runvay 4720 | 284 R4 FAIN L] Rony {14 02
b Minimus landing Welghy
Stabilized landing 6 g | B2 [BL25 Ry e 17407 ] AR, GR
N LY WGo .80 [ Reog [ on] 45,96
R .2 223 | toaa ln 6?7 B0l 197 ] 40,36
Mut Runway 2110 | 23¢6 | v | R 0ol 1,061 30.39
2 High Center of fravity .
Btabllized Landing 6 1OR4 270 |} R4.R1| 81,44 vi,00 | B2.A0
K V448 | 2R | BR.AT(BL.2Z | 70,78 | 46,76
2 2469 | 269 111,90  88.45]10.78] 41.56
¥et Runvey 4249 | 271% | As.sr.[B4A08] 902 | 29,52
2 Jow Center of gravity
Btabllived Landing 6 Jioea | an [Bu.eiBh.4513¢.84] 50,
b 1444 | 1277 JBRAbIRG.2[21.95] 46,718
14 2468 2261 A6l [ 886616, 68] 41 R6
et Punvay 3196 | 2707 | RA.13 | 00,62 | 7,90 | 38,02
20 Yorvard Center of Gravity
gtabilized Londing .6 [ 957 | RSIS [ 8341 136,70 50,9
N 1502 |13 | wni5] Be.5¢ [20,84] 46,2
.2 2510 | 2368 | Yi.W1| 88.47[160.15 | 41.50
- »_Wet Rupwey 334 | zans | 83.89] 85.08] B8.60] 29.78
—24 ALL Cepter of Urovity
ssabilzed 4anding, 5 o | Bz fRace [Re.74] 8446 ] 51,30
4 LBR 1224 | BAIR ] BL,IS5] 23,15 | 47,19
2 818tz ) NS AR54] 41,35 | 42,07
: [ DB | fuvs | Boig] 81,980,109 | 27,52
k] Broken on fpned ¢ 108
Stabilized landing o 1266 1 ioag JBC.LI|RL 4 [ 5455 S1RZ
A 1607 Jaure IRy Bo Ay isAB 4026
2 (RS0 N R L Y 4%, 04
Mot Fynvay 3HA, | diaR [ [ B9a2 s [ A0S
b, Brokss oo Gnged s 200
stabilized Looding 1AL LBy 1.4 | B4, A4 | LB.BT | 490G
145 VIEr e | B ek, 0] AL, 06
z 505 3640 3,45 | Bb.dc /] 40k
et HuniRy LTETH IS BT Y N T
| Y ____Creg Device Depioyment 1.0 flecond After Toujndown
Stabilized tanding & 1414 - CPIE DS TAT)
0 10 ¢ TS IERAEE RPN KLY
2 [ L2 BRI TN
Wet Runwvay R 1 g te 04 B, 04 24, 40
Touchiown Profile .6 Y oy ds fact
) B D ot )ae e
2 LIt . LA INE

el

i

PSRN
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Table 19.—737 Sensitivity Test Data (Continued)

lw {%

l.

Th

N <1
(1] Drag Device Depie t 2,0 second effer touthiom
e e StebiMued Landing 6 1 216 lion [ebuRlBibol2e 5] si N2
0 1644 [1446 | 81.96] Re.20] 19,49 A0 0D
. .2 2662 [ 2422 | a0.98] 8c.93| 10.08] 41. 50
¥et Muvey 3352 {2896 | 80.83] 90.08] 7.60] 39.08
Touchdown : :ofile. 26 1248 1078 | 14.97] 79,22 [26.74] 47. 46
§ 1128 ] 144G | 83.68|82.44( 1912 | 43,78
277¢ | 2422 | 87.23[ 85031517 | 3w.0O
Ao Mo S00d i Doyices.
neakilsead Tanding £ 1ARO Jise v 2024 86.96] 19:75 | 16.45
W 2040] 1BeG foo.os| 87,22 iv22 {488
Whee bhoces Joe, Wodog N dfes,,
sok Bunuax Wouee | bor; Dr Wepdy Woe oo
4d £0%_Keractixs Sociiera
Erahilised landlos £ 1210 [1os4 | 85.4ciB4.20[/29.04] 49,19
W 1643 | 1446 | m8.01 [B5.28] 19,38 ] 45.8%8
2 ]28+9 [ 2548 | 90.48[ w164} 9,74 140,52
Wet Runvey 3704 [ 3135 | 84.64]%909i [ 6.73 ] 3% 16
ST Aot Effective spoilers
Stablidzed landing (3 1313 [ 1ie | ssas]8s5.88] L1441 47 68
1194 [ 1nes [ 81,24 86.04] 18,10 ] 45.20
2 3122 | 2765 | 88.67] Bo.70) .51 | 38,44
at Junaay 4490 | 1462 | 1790161 | 6.0 38.30
4 1204 Bhaine qe Thryat
gtabilired Landing 6 (LTS 926 | Bb.12] 82.89] 25.34 | 56,461
0 1448 129% | #A.4B] 8¢ oo 1700 [ 4802
‘2 2492 | 230z | A1 8] A o6l 8.3 9118
el Rty 4265 | 2167 | 8475 68.90] .36 | 35.22
ks S04 tneing ldis Thrust ]
e Stebtiised londing 6 [loes | 4o I8532 [m2.40[32.08 ] 86.94
N 1430 [1z6m [Re.61l84. 93] 2191 [46aT
2 2419 | 22te | 92.02[87.¢2 }v0.10] 4l. 60
et _pummy 5128 | 2642 | 84.09187.52] 8,30 | 34.34
s 150% Nominel Pressurs Appiicstion R ;
gtabilized Landing 6 1050 | 913 | BeS5| 8436} 25.80] 49.92
A ;a2 | 1280 | wawz]| 8670 11.04 [ 96.0%
2 2444 2263 T 9259788, |B, 14 [ 41.52
PR 3295 {2722 B2.6l | B2.24] 7,84 | 27.43
Protile 6 e | 91s [76.66]119.38] 24, 26] AR.68
4 1519 |12ec w401 | B4.28] 16,69 ] 44.50
2 2529 22tb | anAdnfnr.za] Boro) 39,23
b
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Table 19.—737 Sensitivity Test Data (Conrinyad}

l'

w A Ne. ] N2l 02 o1
Wlulml Preseurs Applicstion Rage —
Btabilized Landing K3 1076 ] =213 184.85]87.80]125.36] 0,46
o, 1447 | vzeo | 88.97] BS. 4] 16.84 ] 46,32
.2 2458 | 22¢3 | 22.07] 88.20] n. 24 | 41.42
vet_punway 3274 [ 2122 | 8h.14 | Bi.84] 7. 86]27.99
Toushdown Profile 8 1278 N3 | .6t 75,902,521 51.85
N 1%49 1280 | B2.63] 82.94) V6,17 | 45.65
> .2 2518 [ 2262 | 89.87] 8176 B.32 | 40.04
Namingl Rate at 2.0 seconds From
gtadjlized Landing 6 \oni | 852 |Bega | a1.e5] 23,67 59.05
T Ji3se a7 Temea]ra.50] 1691 | 54,18
! .2 2688 | 2131 |29 27 | R36 [10.17] 45.47
Vet Runvey Wee fhocns U, Woulp Nog | Rus
. i
Touchdovn Profile 6 |2t | 852 [Bumn |0.06 [21ik0] S6.62
b \54¢ [1197 [ 88, %] 15,42 | 14.04 ] 51,95
2 320 |71t |acee | 8va2fn. 4] a5.00
Nominel Rete_at b.0 Geconds From Tochdovn :
gtabilized Landing 6 597 | %4 @27 lssnefinne f as1n
Ky 1216 [ 1418 as.ij | 64.59 ] 12.00 | 60.00
P 255¢ | 2006 | 1928 | Jt..63 ] .25 ] 49.93
Net Punwey 2767 | 1920 | o029 ) 2540 | .49 | 44.4C
Profile 6 38 | 794 | 8a.c5|5%ss [12, 63 | <340
W 168 |19 | 3w.25] ee.08f12.42 | 89,60
> 2198 | 2006 {21.26] 1593 .19 | 48.7¢
754 0f Pyl Motered Pressurs .
Bt obilized tonding & 1074 | Aty | 88,01 f8z. 9812408 S0.96
) 1440 | 1280 | 86.89] 85.90{1¢. 65 | 4. b0
2 2456 | 2263 | 92441 88.15] 810 | 41.80
Lot Buouay 5202 | 2722 | 8474 88.88] o 40 |34.54
s0% 0¢ Ful) Matorpd Prassuce ‘
Stabilized landing £ 287 | 913 173.80 11206 ] 13,67 | 68,50
L 149 | 1280 | B5.85] 03.70]14.85 | 49.9¢
2 2528 [2:63 | B9.52] 84,46 ] 1.3 | 45,19
Yt Ranias n242 | 2721 B1.%]| Bb.43] .25 | 43.%4
10 Kuat Nind
Stablilzed Landing 6 B9 15% Bp.RelB2. 62l 21,00 ;| 50.82
: 0 Wes | 1055 | vo. | B0z | e, w0}
2 \nsa Jies) | 94,131 w7.08] 108 | 4136
¥t Munvay 2% | 1268 | RSN B8] w3 3.
a Enot ind
Stakillzsd landing & wan | 593 | Be.48]monliv 46 | 52,47
N 422 B2 49,91 [ 8434 ) .40 | 47,80
5 \szz | 440 | 94.61 | ke80]| 5,860 42,00
Vet Punvay g et | 1401 | Bo.31| o] 5.6t [38.52
103
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Table 19.—~737 Sensitivity Test Data (Continued) . 3
! ;
oI w |% 1% e | Ny | & a ‘ 4
) ] | 3
Stabilized Landiog (1 1268 ] 103 { AT ss.so| 21.90) 48,66
§ 1130 [ 1506 [ A7.05) Aea3[19.441 45 04 \
- : 2 2N96 ] 07- ) Ba.75] BI 26| .34] 4ll6s
i 1 et Rty 44171 380 | 824 | Ba0s]| . .38f 32.36 i 3
o 20 Mot Dey - High Altitude :
| | - Stabilized landing 6 o84 | 24 | as.ee] 83.3%) 26,191 4% 80
o . 4 1471 | 13on [ snd| 86 7] 17204025
v . .2 2585 | 2567 { an.87] anaal Y00 | 30,52 N
! Vet Runvay 3552 | 2974 | 8.1 Ba,52] .44 3420 ! k
v . . B
3 Iy Cold Day « Bea Lavel : i
Stabilized landing $ \nss | 897 [86.50] By.un] 24,02 [50.23 :
. 4 1384 | 124 89.67] 86.47] 10,24 1 45.98 ; .
A 2 2304 | 0171 | 9L.A9] BR,27) 7.906 ] 1.0~ :
) Net_Runway 2841 | cang | Gers[ 81540 ¢ iz | 24706 §
hSurfacs Runvey ‘ i
Babilized fan 6. [ 9y [ B0 I 01 ] 20.404) 55.87 ! g
o\ 1484 | 1180 | Be.2S] 82,00 | 14.24] 5670 ; fi
: 2 20067 § 2263 | AT 81, 84) 7 Qo] V.92
et Punvey oo 324 | 2ze| w8 |at.0os] 2.94]39.62 %
stabilired londing £ 1087 | @13 | 8w.87[ BY.78] <3 wn| 56 02 J
. 1207 | 10wt | @8.51] 88,32 | 21.37 | 47.94
143y | 12BOIBA.8 | 8canlicz] 418
)
T —lourada sk .
Atahdlizsd landiag 6 1951 | 913 86.87 [ 84.9% 26.02 | 49.4
' 1206 | 1hes | 298] 88T6)21,47 | 47,7
N 1426 | 1280 | 887§ B612 {16,892 | 46,2 .
e Torque Pesking %o 150% of Running 3
Steblisred Landing 6 1oca | o | ®6i3l83anfzhen] 4 88 . :
L 243G Jiaiwe | B4 | Be.b) Ji0.BR | 46,10
2 2454 [ 26231 a2.2efB.ce| Rzalal. 58
Wot_Runway 2212 | 2722) 8474 [ o o0 ] 6,41 | 31.93 )
\ !
i Ad ¥o_Torque Pesking. k
- Btabilived Landing ’ 1049 SEY B1.04|B5.46]26.10 | 49,3, 1
| i 1422 yviBa {400t 18693 J 1700 | 45.52 !
. 5 2433 | 2265 [ 93,61 [BY.LO| B on | 3n, /8 : :
;| Vet By i 3228 | 27¢¢] 8446 85.44] 7.22] 2R.ce
o e __loraus Repoopse ek Point, 1300 Nogthal : i
E ' . Stobilized tanding b 1084 | 913 ] BB30fRE. 1205514748
: i 1410 V2Ro [ Yog RS [1Bag | a8, 82 :
5 244w} 220 [ e A 9] B.NG | 38,44 ?
. i 1L Zgraus Reacqoas Btk Solat.. SUf Keoibol ‘z
Shakilized Larding A, 1oy | oway IBa b Ik 02 J2a.col 50 88 i
J - n 1404 | L2Bo | 8748 [Ra ue J1C 1) ] 4Bl 3
i " T48m | tits] AOFE| Vet ] L9T |4L.LR H
| ; B
B o
{
\ 4

4 104
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Table 19.—737 Sensitivity Test Data (Continued)

Ly

5

] N LEW X o ]
18 Torque Jain of Nominsl - .
Stabiltyed Landing 6 1oee | 318 [R6.65] 8an4f 20,28 149,04
4 11432 {1286 [B9.29) msas[ 1702 Jac, e
. 2 2465 | 2263 [ 121 | 480 | 8,00 |4l.88
Wot Runwey S {2722 [8s.30) e | s.7¢ | 40.02
ih Torque Gain BOA of Nominal -
Stubl 11 z0d Lundiug % 1@t 413 | 8605 | wusSe | ¢a.28] 50.82
] 435 | 1280 | 89.20] 81.5s j 16.86 | 4bL23
3 2474 2263 N, AT| BB32 | B.54] 4076
et Bunvay 3220 | 2722[ 8453 | 9040] 6.30] 35.54
1 Variable Torqus Gain T F (p)>
BEabiLicd Tondiin G 1068 | 213 IBy.ad|naeis |2baa | a0
o 1443 | 1280 | B8.70] 85,73 Jit, 88 | 4692
i 2464 | 2243 [ 91,84 [ 8140 8,37 ] 41,82
¥y Runeny 3238 | 2722| 84.06] 87.62] G 5o | 34.50
11 linssr Torque Ouln T ¥ipl
Sbabi3ized landing L6 Jlowa | %13 [8c.gefdascizean] 49.9¢
M 1asz [1280 |89.39 | 844 ] 1718 | 45/
) "2 Jraca [2263 [at.eal8a.io | Flez ] 4043
Met Bunwey 3599 [27z22|1he3{B978] 697 ] 32.97
2 Tics Iofletion Preguurs 1224 of Masidel
Stebilized Lowding A vy | M3 196,590 75.00 [ is.i4 ] 69,98
b 1612 [v2ado | 10.40] 76.98] 9.3 ©7.14
2 veBo22¢3 ] §444] 7907 ] a4z | ee.e
2h 2ira loflatd Pracancs Sl of Nomipll
atabilized Landing 6 1014 21t | 20,04 82,24 31,58 ] 29,60
oy 1375 Pvide [98.09 ) 2150 | 2v.90] 25.48
2 2587 | 2263 [ 9401 | 9u.mp | 1212 | 22.06
/- -50%_Nora Tirs
Rbabilized fandine 6 1059 | 913 [ 86,21 | 84.58] 2057 49,64
N 14301 1280 | B, S ) 87.00] 15.47] 4508
2 ¢annl 22683 ] 92,07 ] 89.04] c.b6] 46,52
Vet Runva, 3255 2122 [ 83,63 | 83.63] w56 27.92
—— Vet Bunvey o
2d 0% _Worn Tire
Btubliized Lundlng 6 1064 A1 | 88,81 | B0 ) 16.04] 50.42
Ly 1434 | 1286 | RY, 26| R5Bs | 10.58] a4t 10
2 2455 | 126d | A2, 18| &R a8 | 4108
Runway 4246 | 2112 | 8y, Bj] 8588 532 ) 29.02
2e Low Thrs lisating
Btabi){red landing i aeo | 913 [9z,22] 23,34]|32.(0] 41.84
4 1352 | 12mo [34.67] 9501 ] 21,13 | 88.00
2 2350 [ 2208 [96.05] 9584 [10,00 | 84.61
R 3255 2722 | B2.50] B4AG]18.21 | 1478
2t List ¢ _oesk
Shabiliced landiog " 4 Ay 9y, 19| 15,460 144 19} 25,92
N 1y | vame L G289 27,54 28 89
o c312 [ 2262 [91.88 [984¢6 [14.58] 20.08
Mak Rupsy s10e | etee ]y 4 f94.96 10 9510 14 44
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Table 19.—737 Sensitivity Test Data (Continued)

COMITIN ' pmchmrTI® L fNe | A |02 o
3 Maximm Strut Praquency ¥ ) , 1
Stabilized landy JEPEAY) 86,79 8a.4z]25.02 | So.04
“u {143 [vzmo ['89.29] 85.42] 1052 | 47.40
2 | 2492 [ 2.3 | 92.¢7] me74] B.4i | 40.89
» Mintmum Strut Frequency Varying thd men
Stabilived Lunding 6 Jrosi | %13 186,87 8a.90] 2598] 49,28
A 1426 |\2BO (89,7, j 80,41 | \u.A8] 46,08
2 | 29a3f2263 [92,02] MB.az] K.44] 41,14
b3 Maximm gtrut Yarving Thel S84ffne:
Beabilieed janging 6 Jlose | 91D [BoAG [ B34 2562 | 4999
y | 142¢ | ‘280 [8a.%6 [ 86,31 16,90 468
2 2444 | 1263 |92.59{88,5¢| 8.43 | 40.08
k] Miniaur Strut F Yaryios Thel avigng:h
Btubllized Lunding 6 |10eo | 13 | 868 183,04 25 40l 80801
w [ 1430 [1280 [ #o.51(85.84] 16.84 ] 4¢, 43
2 | 244k 12263 [a2. 52| Rane | 6.48] 40,9y
e Yersicel 8%1ftness i20% of Houinel N
Btabilized Lunying . ¢ |loea |33 [us.a [ 8419425741 49,98
A 11432 11280 [89.89] 86.62] 17,13 | 45,58
, | 29812248 192.07[R9.18] 8.44] 40,44
Mat Hineay 3224 | 2922 | 84.481 8e.0n] 7.24] 30.c5
k7 d Yartical stiffuess | A of Nowioal R
Stabllized Lunding , Jroeo | 913 [ma13 fre.c0] 260414908
W 1434 frzeo [89.2¢] 86.36]117.10 | 45,70
i 2458 [ 2te3 | 92.07] 8%04] 8.5, | 40.28
Wet Bunway 3246 12722 [B5.8G| B4.96] 7.50) 20,74
bndii . Verticel Damoing 1201 of Nominak :
Btabilized fuiding Py 1063 | 913 [Bs.B9 ] B4.76[26,02 | 49,5
N 1438 11280 [ 89,01] 86,14 [16.98 | 45.95
N 7460 | 2263 |01, 60 | B9.03] B.42 [ 40.48
Mot Runymy 3247 | 2722 [B3.B2fB4.42 ]| 5] 26,73
W Stepe [BRE) 16.29{18.48] 48.29
B Yorticel Damping 801 of Hominul
Stabilired Landgng ¢ oy 913 |8e.n5| Ba.ik 125.90 | 49.7¢
0 1434 [12BO]|RI.L6] Re 1T | 17.02 4578
L. . 46s Jrres [ 08| BeIC] 344 ] 40,40
R 13256 | t1i2 [83.60f B355| 7.80 1 2797
M Stepa 1379 76 4] ‘8.7 | 4815
1 Dacresss ldns Diamater 500
stabilized landing 6 [uoe 1 '3 fReculB. 15204 w2 2t
B 0 145} \iBo [86. 48] 2 xk| w4t
.2 400 2163 [90,52] A .41 9.0 | 43.41
1 Inorease Line Dismetar 504
Stabilized Lending & A RIEE LY B I AL
- A5 g e YRS S B D
.2 G s [0caq pen ] e | deerg
106




Rt et A T

Table 19.—737 Sens ““ivity Test Data (Concluded)

Jw |5 1% N s |n a
oo 1908 of .
—— 1Y T 6 lwory A3 186,79 8a.23129.70] 48738
. 1440 1280 | 89.61 ] %6.81 | 19.98] 44.32
2 7m0 | 2263 [41.25 [ mg,1¢ ) 10,12 | 38.30
r_n__mmmmuﬁﬂwm
Stabilizad fantsuy 6 Jvizo | S lagep|75.05]26-03]49.91
& 1483 | 1280 | we bt | 82.24] 17.82 | 48.9¢
2 2525 | 1163 | RO.Q2) 85.58] R.92 ] 43.54
|l Inasrh 208 in feturn Lin
atanilteed landing .6 \n2 23 | 88,17 ] 80.95 | 28.06 ] 49.47
o 1449 | 1280 | B8.34] Be.(3]10.19 | 43,22
2 2487 | 2263 9¢.18 au.ﬂ 3.45 | 39.96
e 11T T) 150 Gﬂﬂ 1632 | 83
[ v Zncramss fyake Yoluwe Wy 0 in ° .
Etap1lired landing 6 1000 | 915 e, v¢] 79.64f 27,49 | 5210
[ [Taco [xBcl i3] asic] 1e.25] 47.92
2 2412 | 223 [ 91.8(f 88.95] 9.31] 42.50
b7 Ioceanad Bouka Le¥ GQuin
Atabiltoed lapting 6ot 9% | 89.35] 8761 ] 29.56] 45.55
i 1402 J 1280 [ 2130} 89.47] 19.58] 4!.50
| 2463 | 2263 | M. 88| Bo.73] 9,901 3402
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Table 20.-747 Baseiine Braking Data

Condition Mu Xa Xp L Mp St Ct
Test 2:
Touchdown X} 2138 1709 | 79.93 | 87.26 | 23.22 47,63
dynamics 05 24E6 1983 | 80.77 | 86.62 | 18.92 47.34
0.4 2810 238z | 81.85 | 88.12 | 16.67 44.43
0.3 3661 3016 ] 82.35 | 88.30 | 11.50 43,94
0.2 6084 4183 | 8210 | 87.80 | 7.60 42.46
0.1 6086 7189 | 79.12 | 86,64 | 3.12 46.08
Test 3:
Stabllized 0.8 1905 1709 | 89.71 | 89.68 | 26.96 49,16
landing 0.5 2208 1983 | 80.89 | 38.96 |21.44 47.81
0.4 2630 2382 | 90.67 | 89.08 |16.60 47.28
0.3 3308 3015 | 01.14 | 88.64 | 11,69 47.28
0.2 4598 4183 | 80.87 | 90.92 | 7.40 44,98
0.1 8222 7189 | 87.43 | 80.88 | 274 48.64
0.06 15916 12266 ;76.99 | 84.06 | 537 59.85
Test 4:
Mu steps 0.1t0 0.5 2850 68.90 |12.34 £9.78
Test 6:
Wet runway 0.06 to 0.6 6809 4183 |61.43 183.02 | 4.26 51.82
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Table 21,—747 Sensitivity Test Data

] ) % ) ne | Nyl m o
™ ” ;
.l K3 2090) 18ap] N0 [31.57] 272 52] 44,59

o 2891 [ 26371 2.0 [ 8%.45] 2.2 46,98
.2 50401 4¢05] 91,36 [A%.55] 8. 98T a5 7

Mot Runvey TTA8| GBAL | 8194 | B4 0V | 4.84 | 5.2 1

15 Ninisuw Lending Weight

Stebilixed landing 0 15.8 [138s [an6y|n8.8a]15.68 ] 4085

K] Z157 | 18949 [ B8.8u] 8682] 9 72 | 48,08

. 2 3774 1338 | 8358 10.67] 4.05 | 489
B8

Nt Puway 5050 | 4357 | 8c.28] 84.18] 2,92 51,95

22 ligh Center of Gruvity

i il it

[ Stabiitsed Landing 6 TEST NO T RuN
) : ] X
i) -
Mat Runvey
Iy Lgu Center of Oravity !
Btadilired Landing S _ [ TESY INOT [RUN . — l 4
b )
2 i :
Net_Runvay g
22 Xorxhrd Center o€ Oravisy . { g
gtab:iited Landing 6 19 54 | 1160 | 20.07 | 8976 ] 15.27] 48.4 . A
A 1 210% | 2451 [90.47] 84.20] V5. ]
3 .2 4739 | 42a1] 80.67] 96.10] 1.1 i
< Neb Bunwey 1003 | 6069.] 86.64] BI.6T] 4.02 i
24, ALS Canter cf Qryvity 3
Stabilized Laniing 6 1851 | 1666 {90.00]906.17 21,37 ] 48,67
A 2377 | 2324 [90.18 ] 88.47[16.90 | 47.8)
e 14502 |408p[90.60) 90.3717.5% | 45.49
Nt Bunway t80% | sgan[msa0 fmn 4,27 [52.92
Speed + 10§
. stabi}ived landing 6 2112 [ 1912 [ 20.53]90.6! | 27.07 QH.IL
A 2210 [ 26489009 89.42] 16, 84]'47.<)
3 T ] 5036 9580 | 90.04] AT | 7.69] 4851
et Funay 1676 |6e3L | 8640 | 8.1 | 3.63 | 4.3
! ™ Aakas oo Soeed o 208 i
mtabiiized landing 6 1334 2132 [A3a [91.43 12186847, B
i x| 3201 | 293 | sisg [ oo | .17 ] 47,34 :
2 G4L9 | 4990 | 41,24 10.84 | .70 45,21
¢ b Rinax 8440 | 1305| RE.56] 1e24 | 3. C2] 55,98
|
3
b prag Device Deployment 1.0 Second Ater ovn :
8Leviliend Landing 6 [ eo6e [iavg [8us [ 8662] 23,8151 .48 %
K] 1855 | eS¢z | Ba.1e] Be24] 18,06 ] A 60 i
.2 ARA | 4387 [ 91013 87.68] .18} 45 7D
[ 1060 Loeb | 2] wo.s1] 4.01] 246 ;
Touchdown Profile 6 Ltk fiE g | WA A0 RILER] 24.% | 42.78 ol
A Sobt 120t JEabaf Wy Be] V5 14 43 1) L
K3 Levh FAshy g b ] R8s 1 ALY 41.7%

i
|
'
|
|
i
!




Table 21.—747 Svn:/‘t/'vity. Test Data (Continued)

Somvres jw | % D 1%
| » Device t 2.0 see 5 I
- Stabilined tanding 6 1108 [ 19,2 f 3077 ] 83.98) 21.82] 82 .28
. 2912 [ 2631 ] 91.09] BaY | 14.95 | 49,74
2 an20| 4481 | 91.08] 8662} L.3%0] 47.05
Yot Muway B8] Ci20] ms4] I8.58] 3.35152.98
Joychdovn Profile 128 23 8% l“i_@_ ﬁl.\h B4,92] 27,43] 45.87 p
3 3137 | 657 | 8470] By "2] 5,22 ] 43,62
5109 | 44k | weamj8ra0] G341 4420 |
Ag Mo Bnatlera/| Duylsun

2507 2284 9100 193.97]2¢.5%] 4. b2

Otabilixed tandios b .
[ 3em Jaive 32.5,112.78] 40, 7
2

6263 | 555% %0.37 R KRN
o o103 | Bart 19,381 72.70] 56.59

Nd 143 Agoilars
Atabiiized landing N 2085 {1281 | 90.50[ 9185 | 24,06] 48.064

"y 12908 ] 1429 | 90,40 | 90.20 | 14.B4] 7.9
2 15035 |46iC | 8981 85.27] 6.74] AS.0%

ot Bunvey 7085 [Ge7y [ 84701151 | 3. 48] su. 51
3a 4of Effective Suoilery . : \
Htabiltced Lunding G 2ian [waerTsas ] . 1.94] 4987 :

"4 |3tbe [Ta® [ A00] % 43071 471,30

" 54,4 | 4880 83,81 181 - b.08] 4m.24

uat Buay seo7| 708, | 82,27 | 1. 2.3 | 60.7%

|80 1208 Egine fdle Thcuss
Jtabilived Lunding 6 1916 [ 1728 [2008 [a). a3 ] 2595 ] 4%.33
" ekl | 2919 | 96.90[%5.20 T 16.05] 41.92

Ky 47024298 {a.40[906.7¢9F 2.12 1 46.2V ‘i

o ey 9241 | 6101 , B5.58 | 1w 0] 3.6 57.54 E

v (71 D04 Jnging Lile Tucuut, E
stabiired lond by 6 1768 [16%0 [ 9047172 18] 26.03 | 48,15 ]

b 25n0 | 1386 | 40938939 F15.87] 48,10
7 ] 4438 [A0TS [ V.82 [91.94] 1.06] 45 .83

3 ¥at Runvey 643 ] Hize | 81,94 | 7. B85] B 65] 57.54 3
y | s 1508 Naminal Pressurs Application fale .
3 Stabilized Lunding .6 188 [ 17168 ]| 1143 ] 94, 20] 26,01 | 47.98 :
4 2601 | 2382 ] aL58 ] 93 9] 14, 06] 4&.719 1
2 4562 | A183 | 91.c8] 93,30 ¢.97[45.65 i
¥ab funvey 150 [ 5961 | w831 | B1.28) 395 ] %2 14 !
Profile 6 J=124 [ \1on |80.41190.38]21.64] 45.8¢ i
4 7906 ] 238. | Ri.us] 90.82]15.24]44.5¢ Cf
2 cota | 48y | we. 36| 91,70 122 142,24 !
b
4
i
5‘
E]
H
4
: L
L
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Table 21.—-747 Sensitivity Test Data (Continued)

12wkt s il by itk

CUMITION  MSCRIPYIN w_lh 5 Ns. | N3l m [
13 508 Nominai Nesewrs Application Page
Btabillsed landing 5 1809 117108 | A4.%0] 02,441 25.63] 486,30
K 7650 ] 2582 | 90.87[ 92,02 16,07] 47,4
2 4994 4in3 | A1.D8] 92,8y 7,061 45.38
Mot Rynwe; CR25] A%et | MM I w4y ] 390 ] 52,
Touchduwn Profile 6 zien | iion | 7818 ] 87,56 ] 21.07 ] 49.5%
A 2890 | 23wz | R2.a2[q1.06] 14650 46,17
: 2 506014imy | m2.Colai.on] .90 08
.
7] Noninal Rete st 2.0 pevondy Prom
grubilived tanding % 1833 [1598 [ sa.az ] a1 2162 ] 58,30
L | 2548 ]2208]86.54]75.%[13.80] 52.9¢
2 4583 | 3913 | w09 ] wo.02{Vi.80] 32,55
Wet Punvey _ 6507 | 5536 | B.0R[ 58,59 9,15 1,85
N Ix
Touchdown_Profile 6 1943 [in1s [ W o848 02101 | 57,40
T 2684 [7205 [Az.is [B46] 13,731 49,49
2 4699 [39,3 | w827 8993 | @.38] 45,39
34 Nominal Rave wt 4.0 beconds Prum Tujehdown i
gtubiiized Linding 6 1135 [ 1501 | Raon | 66,47 49,28 [ 59,95
& 2477 {1108 | BB ] 70,261 12,91 |55, 84
2 | 4038 [0,z | 0%.14 |15, 28] 618 [49, 17
T 360 siia [Boal][b2.48] 9.8 2161
I ofide s 1850 [ 1501 joa (72,081 18.82 [57.1%
y _lzssaferon | greml77.37112.40 3, N3
o | 4520 [v1cz | ssaa[ns.an] 5.97[47.8%
) {] 154 Of Fyll Metorud Pressure -
Atabiidzed fonding 6 1885 | 110% | 90.61 [25:57| 25,51 | 48.45
) 7645 | (2BL | 90,02 | N0, 20] 15,12 | 48,24
2 | 4566 | 4183 ] [ 91 LA 3,05 | 45,99
et Runuay G847 |56 IRrog| 18.03] 3.47) sp0n
L4 S04 OF MLL Meturad Breuuse
apubiiteed Tasiing & 2234 |v o[ e as] 1421384 €5.8%
4 (oBO| .2 3C | BB.RBY VI 22]15.35 | 49,14
o | 45531 418y [ 1 .1s]91.44] 1.20] 45.4%
A LIRS .75 85»19 3,90] 53.80
1A AQ.J00ak Wand ] —
Gtybiitzed lumiing 6 vis) [14TR | B4,40 | %0.87] 23,33 | 48,80
: & |za01 [conelau. i [ 89.58[ 14,4/ 48,15
2 4098 | 3s8R [Arua] o ea] 6.2) | 40,91
Vet Rusiway 592 1 423 | NoUs] W13 ] 3.37] 58,50
A . ::T:m 2 Lialiog . [ity Jican [ roo [rokvjzora [as
L |trawiviat | e e] bhon] 12,101 48,04
5 sthu]and [0 warsl 5.56) 40,14
Wt funvay te [ suAl ] e e eioa] 4y T r4 4%
i

i e

Gk

i
1
i
3
i
i
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Table 21.—-747 Sensitivity Test Data (Continued)

CORITIN _ McAINTe w 1% b Mo | Ny
s al0 Koot Jiad, .
stabilised landing " r048 [ 1232 [94.gn] 9252 ) 29,44 45.’?
i 2852 1727108{ 14.95] Y0.54] 17.68] 47,
o %077 [ 4778 4.1 [ 9197 ] 9.99] dent
r— BARG | Tom | 89,91 7129] 3.51] 59,93
2 t pay o Kigh Altitude
; Stabilired Landing 5 1868 1cco faa.anf e [77eu]an2
A 2610 [230L4] 20.19] Y0.47] 11.29] 41.4¢
2 4696|4210 P0.921 1. 86 ] .82 | 48,31
Net Runvey 1853 [ 6527 83,11 1% s | see
i Cold » Ses lave
Stadilieed landing 6 1ass 11798 ] a0.88] 1.72] 2s. 41| 48,32
& 2670 | 2424 | 90,781 81.88] 14,4t ] 47.94
2 4460 (4066|146 | Bv.a0] & 28] 46.5¢
Met Munvey w0495 | 5323 | 8133 7a.25] 3.47] 31,99
7 fough Burface Runeay
$:abiliged landfug [ 1939 [ 1708 | 88,08 9,2% 123,37 81,67
I 167572382 [ 89.04]0.45] 14.89] 4851
\ 4644 A1BY [ 90.07] V.82 | &. 77 [46.88
Wey Bunwey . w850 | 5961 [ 87.02] 88.60] 3,99] 51.7%
1a Jiah Iade Braoks
_Stabliized Lending © T8N 5| 1708 | 90,18 92,50] 7¢.12 | 48.475 |
o 2190 1987 [qo.85[%1.19 | 216 | 4793
M 2627 | 2582 | 20,671 90,12 | Vg 11 | 4793
Al il Shdn Bruks -
Ahakilized landing & (8B 1109 [ 90,62 [92.51 2599 [48, 84
Y 1 ) | iges [2a.5 [V.01121.13 [49.93
. 262t [2582 [90.74[ 90,7611 24 ] 47.24
o orque bes of iy
ghobilirqd Lomling g 190611709 [8a,,L] 90.69]25.50] 49.¢5
5 2695|2382 | 90,041 Ba.42]15.85] 48. 84
) 4610 | 4188 [ 0L ] 20.17] 1.05] 46.38
Wat Runway <BRs | 5941 | BL.L0] 7¢.38] 3.¢7) 571.39
Ly Ro_Torgqus Peahina
tabl)ived landing G 18u4 Ji03 [0 [ 324k iz ] 48,74
\ 2406 | 2582 | 11.80] 92.28] 6. 5L | 46.88
" 4584 | 4185 [11,25] 92.1G] 1.40] 45.3¢2
jnd Buiney, 1012 | 3961 | 25,011 74.70] 3.4°} §3. 47
ls Jarqus Reanooue Brask Poiut 1500 Nomibul
Bt abiliond undiie o 1890|1109 u),38 [94.54] 10,8%] 48,18
N 1510 2uBe (02, L8]44,92] 1747 | aL.s
. A461 14183 J93.97]195,41] 1.52] 4458
1L Taruus Resacoas Jkask foiul  uul Kosilul
Atk lopd daniiuy A 1RGR[1TOT [ #,.57 N, 02 en. 18] 49,84
L ‘oB6 |13k [ Buap|HeBe] 15 8] 489,66
N 4010 | Aiws [ 81k By ind b ur] 48,04
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Table 21.—-747 Sensitivity Test Data (Continued)

I RCY- Y.

: w % 1% % lnpdu la - . ;
e Totoue Qein 120§ of Nomine] : :
Btabiltued landing S Jirvoliieq [ ansclan.onf25.07] 50.93 Ed
. N 2711 ] 2382 | 87.86] At 90 15.43 ] 50,15 |
. . £ 4816 | A% | A, 86] 83,50 5.99] £2,0y 1 ;
Mot Munway 2349 | Se6r it o7.38) 306 2.89 N ;‘
[
I Torqus Gein §0% of Nowine) : R j
Stabiiived [anding 6 11a8e [17169 90,8\ [+ /612508 51.08
: . 2620 | Tyhe [90.92T90.03]1C. 44| 4.
L) 4572 | AVRY [9).40] a8 8 7.30 | 46,64 i
Vet Runvay 603 ] SHel 186.35]74.98] 3. 86 ] 54, %4 ]
. i
1t Varjavle Torque gajn 7o F (p)"> ?
oo _Rtabi L1 204 Landing $. |1mes | 1709 |F0.5 48.4) :
2652 | 2um2 | 89,82 7.54 1
. o 14704 | A8Y | 8y N7 48,2\ ;
. ¥gb Runvay et | 59t { w2.5s ¢
14 Lineas Yorqus Oain T s P(g) "
Rtabilissd tanding (] 1848 [ 170% fa0.08] 9291 § 25,8¢] 4.1y é
s 2604 | 28T [91.47143.10} 16,45 46.44
. 2 4491 | AiBY [93,14]195,40] T.07] 42 .8
\ Mot Bunwey 6408 | 5% [93.06]"4.00( 5621 42.94
—h 2irs loflation Pragsuce 1201 of Homidul J
v Atabiliged fanding £ 1957 \lai B33 161 [I8,28] 65,8
B ™ 2785 | 2302 | 85.53] 85,31 ] 10,44 ] 04 54
2 3953 | A18% | 84.80] 83,97] 8,51 | Ge.T%
ik Zika Inflatl Praauss Bk af neaiglt
Atabilized Landing 6 188 | 1Moy |ap.28f9t.58 ] vs.52]29.5)
y 1563 | 23R [92.94] 9110 1 24.37] 25.94
o 14473 | 4183 Jas.52 fas.33| 1109 ] 25.53
H 2 0% Nara Tics
3 BLaki 120 taciiag 5 |1902 | 1709 [Bn.Re |91 s 178,67 50.4
: y 2652 | 2382 | Ba,BL [ RR.16] 15,56] 49,2
o5 4688 | 4183 | 8928 | RL. /] . 50] 49.1
| Vet Punvay 1209 5% [ ae.eq ] ¢e.us] 308 6.5y
2 S04 _worn Tire . )]
- geibilired tanding 6 1905 | 1709 |8 1 [90,58] 25,65 49.85 L
y 1555 | 23Ac | A1 1¢| BB 59| 15 w5 [ 4899
5 duBe | 4182 [Ry. 0 1[R6.20] 6451 5010 t
T 3185 f 56 | B2 10.62] 337 | 6697 .
2 1oy Tire Mesting b
. Atablitzed landing S yeiy [Vt [94,00]99.30] 28,21 45.74 |
"y 2504 ¢3Bs | nla9.16] 18, 53] 42,58 ]
2 L 440 avms 1A 0clipn.00] 193] 42,01
et Runusy GH5a ] &96) | N0.05] 9495] 4.50] 47.¢3
AL HTTRVET ST TVY i
Btabiiized tandips "y Vi Jiiog Jay o ise v ]399 9.49
" cann [ oare e ne sy, 06 | 242
A LEDTPE KIS AT DT VAT T
P T STy TN ST Y L
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Table 21.—-747 Sensitivity Test Data (Continued)

CONDITION ' DESCRIPTION {w | % ] Ns | No. |u [
Maxisum gtrut Preguency Veryi Mass -
Btabilized Lending 6 Jioos [170a | aq.87] 90, 24,671 49,48
4 2t | 2382 | 9.4 49, %
2z |dei0]ain: [ 8919 41,98
1] \:} L1all L1 I4 o) -
. Stabllired landing & | 18% 1103 [20.14191.78] 24,92 ] 4979
| 2658 ] 2882 [ Ma.as] BR.59) 14.94] 50,12
> | 4646 | A\83 |90, sb.s0f o, 55] 48,01
e __Meximym Strut Precuency Yaoyink Thel#tiffnsd
" migbilized landing 6 1899 ] 1709 [89.99] 95,63 ]23.75] 4n.08
b 2630 | 2882 [9c.87] %014 ] V6.28] 4629
5 14955 | 4183 [q,.es | 98,15 1.22] 44,40
M Minimye Strut Yaryiog The b
Seabiliced Lapling § 4 TESTIMOT [RUN
4
2
of Nomined, -
53aRilized landing ¢ 1188611709 J40.42[93.33 | 25.97] 49,79
s |26¢i [2382 [ao.a8f 2198 114,00 ] 46.9)
, 4573 [A183 [a . 4979264 T.12] 4495
T <740 [576l | ne.44| BB.45] 4.04] 51.40
LT Yartical ﬂl“m“ “ oL Nominal
Atabilixad laniing . s | 1881 J170% |30 Re[D3.42]20,04] 47 8
L | 26iS [2582f n1.69]92a 1t 0 [47.06
. ™ 4576 [4183 ] a1,53] 92,27 ] 7,05 | 45,44
Mot Bunvay o184 Tonc) | s71.87[ 87.76] 3.8 [ 52,90
| % Yerticsl pezoing 1208 of Nemingl ; ;
Atabilizad londing . 188z [ 1709 [q0.8; [Y2.80]25.8a] 48,02
u 2612 [2%82]q;.19 [9: 391 16.00] 47,19
4 | 4572 [A183 [ o) aq]o2.28] 7.08] 45.%8
Mot Ruyway 6823 fout) | 87.84] 84,571 3.84] 53,56
M Bteps 2676 19.51 ] ‘6. 50] 48,9y
oot Verticel pamoing 608 of Nominal
Stebilized Landing 6 |1B®Y [1707]90,57]19%.24]26.0) | 47.9%
y | tet3 { 2382 [ n0.81 1 9137 5.8 | 41,51
5 4369 [4i83 [a)1.55] 9239 .08 45,17
ot Bunvay PACTH IESTYE KAL) KA BRKTH YR
M Sleps 2106 16,02 114.73 | 5|,9%
Y Decranss Line Dismsiar 0%
Stablidzed lansing 6 [ S RN W
)
2
, 1 Increuse Lins Dismeter 508
Atavilised landing % ey g [ 1VI68] 9846 | seao] aal] 47,08
N (oot [esse g gal aace] v 48] au.oe
2 2547 |4 63 10,99 d.el] 1oa] 4n.es
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Table 21.—-747 Sensitivity Test Data (Concluded)

OORDITION  DESCRIPTION | w % % nsa {7y lm ot
et
k Point Qub 1304 of emisa A
WOV L1} 1L WL :6 inug 11700 131.:5]34.9112. 10 ]4240
N zs%: 73w [ 41,98 338 1 hae | 46,60
2 43:0 [2i8% [ a2,75] 9%.40] v.59 [ 48.09
of_N: )Y .
Ztab'lized landing 6 J'8ag [V 07 fn014 1 92.63) " 8.40] 49.02
b Ly 1 2582 ) 8% el w2219 .81 | 47,69
2 4100 |AI83 ] 88,89 | M350 ] Gee] 47
As. Insard 200 An Metuen Lin:
gtavilized landing 6 19t0 | 1709 | 88,01 | 90,05 ) 24,50 ] so.ns
54 Se74 | 2982 { BY.O8] RIS 18,41 4K.53
8 4871 | 4183 | 85.8¢] 87,05 c.08] 50,04
W face FLYIN Grim | 130} ol ip |
wigin
peabidizgd Land ng 6 1aBo | 1709 |90 62 ] s5.65] 2622 ] 48,17
L 2639 | 2502 ] 90,45 [ 91.00] 15,97 48,y
2 4B [ 4183 {89, 36| Bo.28] ©.e4] 48.26
s Zocrasss Braks pay Galn
RAtaniliagd lapding 6 ONDTABLE | [TTELT] MNOT | RUN
- —li
vl
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Table 22.—C-141 Baseline Braking Data

Condition Mu Xa Xp g o S| cl
Test 2:
Touchdown 0.6 2084 1227 | 69.46 | 85.84 | 27,96 40.98
dynamics 05°
0.4 2975 1693 | 56.91 | 60.24 | 23.49 2045
0.3*
0.2 8046 2897 | 47.9. | 39.03 | 17,61 11.70
0.1*
Test 3:
Stabilized 06 1841 1227 | 66.65 | 56.88 | 26.09 44,67
tanding 05 2223 | 1418 | 6370 | 66,30 [ 2308 | 40.32
04 2752 1693 | 61.62 | 52.68 | 20,71 34.82
0.3 3813 2123 | 55.68 | 40.97 | 19.26 2FR.23
0.2 66560 2897 | 61.27 | 38,78 | 16,03 18.63
0.1°*
Test 4:
Mu steps 0.1t0 0.6 2451 63,20 | 20,98 38.36
Test 6:
Wet runway 0.1160 to 0.5 5033 2008 | 59.63 | 41.91 [ 17.84 21,14

* Test not run.

** System would not operate.
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Table 23.—C-141 Sensitivity Test Data

o] w_|h 5 e
[ _Jniee faliag vsips -
g ™ |: o8 | '454] .37
) 1IN too1 | e4.ln
2 Hiu? ] 34ny | 53.4%
Vet Rutvey n142 13507 [gny
] nding Weight
Stebilived landing 6 bt | Bum [Brd A v s ] e s
N ¢ % Jrigq ] 434 {50 A5, 00 283
. .2 Atoc | 204 | 44680 i ] 9. 20 | TN
Mt Runwey 3w | 2132 | s 3nfinAt inin ] Bony

Ia Mgk Center of Oravity .
Stabilised Landing .6 o eyt e dm

W .
K] N
. Met_Runwvey
[ B lov ownter of mavily
Stadbilired Landing 6 TELY| NOT [ MU . ’
. -
i
et Rupve:
2a Xone.rd Cantar of Gravity -
ptabilized landing K] 1084 § 12 | G4, 5 [ 59.26120 14 142,02

A [ ¢BBAT 1759 | 099 c Lt |20 58] w237
.2 842 | zaag [ 5131 [ AR.0 1440 [iwig

Net Runvey 5246 § 3087 | ouma fAL.82 |17.91 |18, 29
24 Afs Canter of Qrevily ' p
Atabiliesd landing 6 mon (1202 | 6617 2l e KX !

. & 2100 | leeo | 193] s acfeo 15 | 36t

- N PR IR T Y B D 19,38
* e anct | 2047 | sasc]rtAn] v a o Ry E
R : E

1Y Neakes on Speed ¢ 10§

Stobilized Landing .6 ad 1149 [ ese] o [en1s Tawan R
10 113 2009 | 63.81 [ ang ] g |6l bl k

.2 L2174 | s8et | 5358 i b Lt a7
.'. Net Bunvey 514 [ haia | S55F e | A0 ] A ik . ’1
; ¥
asabilised landing 6 Ay | V130 | 104 | Lrm | eo B ] At k.

i IOy A D) RSN EIES ETATY

5 Ty |2R32 | 5505 S1A0 [ oR | v

it Bucmx [T RS RGN JEar B2 KX

b Drag Devige Deployment 1.0 Second Aptes own
( Btabilized Landing 6 [BEE LR LD RN Y D

: & S AT A I ERNE R A0
] 2 A A TN Y T YA
! Vet Buivey Thoa [evee [ r b fe s | '
Touchdown_Profile .6 RN REED IR REN
| ) - TN S N
l | .2 [ IR 3 R

117




b e in s

Table 23.—-C-141 Se:sitivity Test Data {Continued)
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Ll sorh (1920 f 2 47) 9107 ] 22 | s .50 .
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Table 23.—C-141 Sensitivity Test Data (Continued) ] 7
g . - B
MITIN ST I w | & 5 ] 7.
LN Tof Waminal Presurs Application W
Stabilised Landing EIN GRS N sl
n]
2
Mot Rumvay
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. Ll
-2
3 Nominal Rate at £,0 aeconds Frog )
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Ll
2
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Table 23.—C-141 Sensitivity Test Data (Continuec')
COITION  DIICRIPIION W ' % Ne | 7y | os o
i 10 Lnot ¥iod .
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b abilizod tanding o [CERE AR R T KRNI K
L etae [iLbd [eoce fot,chf27.85 ] ve 4T,
H P D T AT YRS IS BT 3
i : } - ;
, ] ;
1 [ b i

’e

120 L




B

i

|
|

Table 23.—C-141 Sensitivity Test Data (Continued)
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Table 23.~C-141 Sensitivity Test Data (Continued)
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Table 23.—~C- 141 Sensitivity Test Data (Concluded)

| comivtr  besoareron | w % X ne | Ny o
) minal .
FE—— 11T} LT 6 176 11227 1cq enlsn.te]20.2¢] 45,74
& Jrrie Fi6a3 bez. 474800262 32,97
eraenad
2 [ w5y eeatise.deltr.avlis T V5 8e
of Npinal .
Btabilired landing 6 1819 12271 L‘l_‘_s 44,701 27 19 | 46 83
3144 |iean forms]veonfzi g0 |40 76
2 | S8is e J49az e eo] v 28,74
e de__lnaxh 204 An Return Lin
Atabillzed landing 6 157 ]1227 Jeq,88 [ 58,27(25.67] 96,25
& 2687 | 1ean 1ol 48,97 21 881 85,67
2| sene | 2ma7|Si.42]s7.67]s.04 20,38
W Stenc 1424 so.af2iis]em.cr]
at Brake Yulune %y 10 in 7 .
Asablilzed landiag 6 Jieez [rz27 | 604l 5s.on] 26.34]44.97
A Jeeamlress 16278140, ¢9] 21,92 [ 34.27
2 ] 3esa | 2807[51.24]30.95 15,00 ] 21.54
. Iocrasas Braks na¥ Ouin
Dhablllzed landing (1 1740 11227 11652 [5B.6B26.%9 ] 44T
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B
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Table 24.—F-4 Baseline Braking Data
Condition Mu Xa X, , np | S cl v
Test 2: E:
Touchdown 08 2808 1876 | 84.73| 51.69 | 503 70,78 P
dynamics R
0.6 33an 2103 | 62.39| 46.056 2,79 74,35 ' i~
04 4037 2416 | 59.82| 30.74 1.60 77.00 ; »‘5
0.3 6473 2876 | 6253 | 26.36 0.22 84.20 E.
0.2 8664 3646 | 4212 1812 | 0086 60.31 4
3
0.1° :
4
Test 3: 1
Stabilized 0.6 2768 1876 | 67.82{ 61.11 4.88 73.46 3
landing . R
056 3273 2103 | 64,26 | 43.94 243 76.45
04 39874 2416 | 60,77 | 38,62 1.04 78,12
0.3 6261 2876 | 54,86 | 28.76 | 0.10 86.42
0.2 8603 3646 | 4242 | 1838 | 0.07 60,04
0.1**
i
)
Test 4:
Mu steps 0.1t0 0.6 3833 44,79 248 76.38
}
}
Test 5: |
Wet runway 0.05 to 0.6 6880 3766 | 63,04 | 20.91 012 84,13 ‘..
o}

* System would not operate

** System overloaded
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Table 25.—F-4 Sonsirivity Test Data
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0
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Stubiieed Landing L6 |3570 1284 [4.BV|4887 ] 4.07] T
A [4%6e | 2166 | 60,58[95.78 LYY
2 |882% |406) | 46.02] '8 | .07 | 89.B4
Mo Funyey 359 | 4271 | 67906] 27.91 07 | 85.52
i Bokaa o lpued ¢ 204
Atabilize’ landing N 3907 | 2497 | 6391 41,87 ] 1,49 | 18.20
V| 502z 3115 [ez.0sf34.0] 78] Bi.10
, |wBus[d9cal o 21.75] .07] ®e.d0
R cree | 475i T ¢a tofes. 5] o3[ Bw.oo
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A Jass [2512 [goozfanio ] ae 0.00
o |usie [a7eelas2zovmi | .07 ] 8048
Net Runvey 004 1 4006] 6672 | 29,301 L4 | BA S
Touchdown Profile K3 H1%4 | 1900 1620414800 ) 4.50] 12.50
K Ansn oo Tanaulstri] 2y | 1m.de
2 b7a0 | 112 | 25.6420,65] VO] 819
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Table 25.—F-4 Sensitivity Test Data (Continued)

Lw |5 5 e o
63039
XY A3W)
.2 8124
Hg% Rupwny X34
Profile "6 | az8s | 2036 | €2.62 on| 4.14
y 14488 [ 2007 [enisfar22] 126
L2 | 8aso f3ngy [43.07] 20 ¢0] .10
LT Mo anoliscs/! Duxicua
e SSabiNead loullng & |4095 2378 I88.09 )51 03] n.81 | 75.48
L |06 |dt44 [4s94]34.74] 125 ] BI.62
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ﬁ‘ “ Xtsctive foollars
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PUS 1 1) 37,391 .04 | 74,94
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Yut Bunwey 1670 |46V | 6002 | 26,28 O8] 86,17
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g 2144538 1698 veas| ow | 91.93
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1298 Braine Idis Theyat
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Stabilieed tanding 8 2ILR 1816 | 68.0255 (9] 498 | 12.6G
— % |56 12475 | 60.74] 39.35] 1,08 | 19,90
.2 RAGL | 2e45 | 45.39] 190309 o7 | B9.43%
Mot vy 2835|3766 | @3.88] 27.50] ,08 | B6.89
Bafile 2o | 1896 [6a.44151.47] A8 1,62
Ly 40371 2913 | 589513892 | Vha | 27,52
Wy L baces G o Wobio Mo [Ruw
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Table 25.-F-4 Sensitivity Test Data (Continued)

omirae w_ |5 1% |7l -lu [
S ST T TS  —
Stabiiinnd Landing L] 209p 1876 ferns]seoil a38] 02
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o 325411827 | 56,151 36,70] 118 ] 79, &0
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Table 25.~F-4 Sensitivity Test Data (Continued)
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Table 25.--F4 Sensitivity Test Data (Continued)
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Table 25.—-F-4 Sensitivity Test Data (Continued)
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Table 25.—F-4 Sensitivity Test Data (Concluded)
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SECTION XI
STABILITY TEST RESULTS

1. STRUT RESPONSE DAMPING

In addition to the performance studies, stability studies were conducted to evaluate the
tendency of a skid control system to contribute to the stability of the landing gear. These
tests were designed to measure system ability to provide damping to ths strut motion or,
conversely, its tendency to couple in the oscillation, thereby causing divergence.

The fore-aft damping in the landing gear model was varied until the point of divergent gear
oscillation was reached. The damping ratio was then determir ed at this point. By comparing
the damping ratio of the baseline airplane to the damping ratic resulting from a parameter
change, a qualitative statement may be made about the effect such a change would have on
gear stability and stopping performance.

The damping ratio is a measure of how fast strut oscillations are attenuated. To determine

the damping ratio a step torque input was made to the strut model. The resulting strut
displacement was monitored as a function of time. The damping ratio was then calculated

from:
A
2n [—-2]
A(t)

2mn

E:

where:
¢ = damping ratio
n = number of full strut oscillations
Ao = strut amplitude at time zero

A(t) = strut amplitude after n strut oscillations.

The damping ratios and the related test conditions are listed in Table 26 for each aircraft.
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2. MU-SLIP CURVE SHAPE VARIATIONS

An important aspect of the landing gear model was the simulation of tire-runway friction.
For the sensitivity studies, the coefficient of ground friction was taken to be a function of
the percentage of tire slippage. The actual mu-slip curve used for the bascline condition is
well documented thioughout the aircraft industry and is the result of numerous test pro-
grams. These tests have pointed out that varicuy tire and runway parameters have an effect
on the actual shape of the muslip curve. In addition, each skid control system has a
significant impact on the shape because of their difference in thermal management. This
affects both the peak mu and slope of the back side of the mu-slip cireve, The relationship
between ground friction and tire slippage was changed and braking performance recorded to
evaluate the consequence of different mu-slip curves. The mu-slip curves used in these
sensitivity tests are depicted in Figure B-5, ASD-TR-74-41, Volume I, Appendix B, along
with the baseline curve.

The braking performance cesulting from these tests is random. The randomness resulted
from the difference in operational characteristics of cach antiskid system. Thus, to ad-
equately analyze the braking performance results, cach airplane must be considered
individually, The following paragraphs explain how each antiskid system reacted to the
changed musslip curve, thug producing the recorded braking performance. The regions over
which each antiskid system operates, as defined in Section VIII, help to explain the per-
formance, Each system operated over the same range of slip ragardless of the curve shape.

A_,_,._A______,,__-__,_#‘

a. TIRE INFLATION PRESSURE 120% OF NOMINAL (Test 2a) |

This change has the effect of lowering the percentage of uvailable mu for values of slip :
greater than 6%. On surfaces that exhibit reasonable mu the Boeing 727, 737, and 747 and |
the C-141 operated predominately at slip values greater than 6%. Thus, the lower friction ,
coefficient at the tire-runway interface resulted in longer stopping distances. The F-4, how- '
ever, operated on the front side of the curve where the percentage of available mu has

increased, permitting shorter braking distances. When the F-4 antiskid system cycles over

! the peak, as was the case when the peak available mu was lowered to 0.2, the percentage of

3 available mu was decreased, and the braking distance was increased.

b. TIRE INFLATION PRESSURE 80% OF NOMINAL (Test 2b)

The 80% inflation pressure change raised the percer .- of available mu for slip values
greater than 15% and decreased the percentage of available mu when slip was less than 15%.
: For the antiskid systems that cycled near the peak and on the back side, braking distance i
¥ was shorter as a result of the increase in the percentage of available mu. The F-4, which

; operated on the front side of the curve at high mu values exhibited increased braking : |
distances resulting from lower available mu. ; 1

a2
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¢. LOW TIRE HEATING AND FLAT MU-SLIP PEAK (Tests 2e and 2f)

These two tests raised the percentage of available mu for slip values greater than 10%. The
front side slope and peak mu location were unchanged. The results showed that, for systems
operating at the peak or on the back side of the curve, braking distances decreased. In
addition, the higher the back side mu, the shorter the distance. Since the front of the

musslip curve is unchangd, the F-4 did not show a significant variation from the baseline
braking distance.
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SECTION Xi
PARAMETER RATINGS

The following tables present the baseline braking distance percentages for frictional values
of 0.6, 0.4, and 0.2. Also shown is the p irameter rating index (PRI) for all test conditions.

Table 27 summarizes the percentages for all aircraft studied and lists the composite PRI,

Tables 28 through 32 contain individual PRI values for the 727, 737, 747, C141, and F4.
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Table 28.—727 Parameter Ratings

Parameter

Rank co:;:t‘l on Description rating
Index

1 4c No spoilers or drag devices 87.33
2 b 20knotwind , . . TN 33.67
4c 40% effective spoilers . . . . . . . . 33.67
4 3b Brake application speed + 20% PN 32.00
5 6d Nominal pressure rate at 4.0 sec v . 31.00
8 4d 60% effective spoilers . 19.67
7 1c -10knotwind , . . . . 19,33
8 1a 10knotwind . . . . - 18,33
9 4b Spoiler deployment at 2.0 sec .o 17.33
10 - Nominal pressure rate at 2.0sec . . . 17.00
1 3 Brake application speed — 10% . R . 16.33
12 &f B50% of full metered pressure . . . 16.00
13 2f Flat mu-slip peak . NN L. 12,00
14 4a Spoller deployment at 1.0sec . . . 11.67
15 28 Tire inflation prassure 120% of nominal . , . 11.33
18 1b Minimum landing weight . . . 10.67
17 1a Maximum landing weight , . . . 0.67
1j Linear torque gain . .67
2e Low tire heating . . . . . . 9.87
20 ig Torque gain 120% of nominal . 8.66
0 1 Variable torque gain . 8.33
22 1h Torque gain 80% of nominai . 7.00
23 2b Cold day 8.00
be 75% of full metered pressure . 6.00
26 af 120% engine idie thrust 65.33
2d 80% worn tire . .o P 6.33
27 d Move dynamic breakpoint in 50% of nominal . 4.87
28 22 Hot day . . . 4.33
2b Tire inflation pressure 80% of nominal N 4,33
2c Forward center of gravity . N 4,33
3d Minimum strut frequency varying stiffener 4.33
32 3b Minimum strut frequency varying mass 4.00
b Increase line diameter 60% . . 4.00
g Increase brake p - v gain N 4.00
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Table 28.—727 Perameter Ratings (Concluded) ‘\
Tort Parameter 3
Rank condition Description rating ‘i
index
36 2d Aftcenterofgravity . . . . . . . . ... .| 300 p
36 3 - Maximum strut frequency varying stiffness . . . . . 2,67 g
37 Ba 160% nominal pressure applicationrate ., . . . . . 233 P
f Increase brake volume by 10cuin, . . . ., . . . . 233 i 1
38 4 80% engineidlethrust . . . . . . . ., . . . . 1.33 ! ;
tc Torque peaking 160% orrunning ., . . . . . . . 1.33
1 Taorque response breakpoint 60% of nominal . . . . 1.33
3a Maximum strut frequency varyingmass . . . . . . 1.33
a Decrease line diameter80% . . . . . . . ., . . 1.33
44 c Move dynamic breakpoint out 160% of nominal . . . 1.00 E
[] Insert 20% restriction inreturn line. . . ., . . . . 1,00 ‘
1q High-fadebrake . . . . . . . . . . . . . . 1.00 .
5b B50% nominal pressure applicationrate . . . . . . . 1,00 4
48 1d Notorque peaking . . . . . . . . . 0.67 é
1c Torque response breakpoint 1560% of nominal . . . . 0.67 Co
2 BO%worntire, . . . . . . . . . . . . .. 0.67 P
3c Vertical stiffness 120% of nominal . , . ., ., . . . 0.87 y
S 3f Vertical stiffness 80% of nominal . . . ., . . . . 0.87 i
: 39 Vertical damping 120% of nominal . . . . . . . . 0.67 | 3
] b Lowfadebrake . . . . . .. .......| 080 o
S 65 3h Vertical damping 80% of nominal . . . . . . . . 0.33
' 56 3a Rough runway surface . . . . . . . . . . . . 0
1 i

142




Table 29.—737 Parameter Ratings

[E———

Test Pnrartv‘\:ter
condition Description ir::ioxg
4c No spoilers or drag devices . . . . . . 39.50
1b 20knotwind . . . . . . . . L, 36.69
6d Nominal pressure rate at 4.0sec . . . . . 36.67
3b Brake application speed +20% . . . . 36.00
1a Maximum tandingweight . . . . . . . 29.00
4e 40% effecting spoilers . 25.00
¢ Nominal pressure rate at 20 sec . . . 22.33
1c A0knotwind . . . . . . . . . .. 20.33
1a 10knotwind . . . . . . . . . 18.33
3a Brake application speed +10% . . . . . 17.67
4d 60% effecting spoiler ., . . . . . 14.00
4b Spoiler deployment at 2.0 sec 14.00
2a Tire inflation pressure 120% of nominal 11.00
1b Minimum fanding weight ., . . . . 0.67
4g Spoiler deployment at 1.0 sec 8.67
&f 60% of full metered pressure . . . . . . 7.67
2f Flat mu-slip peak . 7.87
2e Low tire heating . . 567
2 Forward center of gravity . . . . 4,67
2h Coldday . . . . . . . . 4,33
1g Torque gain 120% of nominal 4.33
2b Tire inflation pressure 80% of nominal 4.33
23 d Move dynamic breakpoint in 50% of nominal 3.67
24 2d Aft center of gravity 3.67
25 b Increase line diameter 60% 2,67
23 Motdey . . . . . . . . . 2.67
27 a Decrease line diameter 50% . . 2.33
9 Increase brake pvgain . . . . . . . . 233
3a Rough runway surface o 233
30 1h Torque gain 50% of nominal . , . ., . 2,00
11 Torque response breakpoint 60% of nominal 1.87
1e Torque response breakpoint 160% of nominal 1.87
f Increase brake volume by 10culn, . . 1.87
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Table 29.—737 Parameter Ratings (Concluded)

Rank Tost Dascription P:::Imn;w
condition index
k7 1a High fade brake . . . . . . . . . . . 1.80
1b Lowfadebrake . . . . . . . . . . . . . 1.60
36 c Move dynamic breskpoint out 160% of nominct 1.33
1d Notorquepeaking . . . . . . . . . . . 1.33
38 22 High center of gravity . . . . . . . . 1.00
Ba 150% nominal pressure applicationrate . . . 1.00
3b Minimum strut froquency varyingmass ., ., . . . 1.00
41 4f 120% engine idlethrust . . . . . . ., . ., 0.67
49 80% engine idle thrust . . . . . . . . . 0.67
1y Linear toiquegaln . . . . . . . . . . . 0.67
2 B0%worntire . . . . . . . . o . . 0.87
Je Maximum strut frequency varyingmass . . . . 0.87
3 Maximum strut fraquency varying stiffness . . 0.87
3d Minimum strut frequency varying stiffness . . . 0.67
e insert 20% restriction in returntine. , ., , . . . 0,67
43 2b Low centerof gravity . . . . . . . . . . 0.33
5b 50% nominal pressure application rate . 0.33
e 75% of full metered pressure . . . . . . . 0.33
1c Torque peaking 160% of running . . . ., ., 0.33
3e Vertical stiffness 120% of nominal . 0.33
3f Vertical stiffness 80% of nominal . ., . 033
3h Vertical damping 80% of nominal 0.33
56 1 Veriable torquegain. . . . . . . . . . . 0
20 80% worn tire . e [+]
3q Vertical damping 120% of nominal . , . 0

Sl ...
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Table 30.—747 Parameter Ratings

Parameter
Rank ¢ o:;i’ :‘ on Description rating
index
1 4c No spoiler or dragdevices . . . . . . . 33.67
2 6d Nominal pressure rate at 4.0sec . . . . 2233
3 b Brake application speed +20% . . . . . 21.33
4 1b Minimum landing weight . . . . . . 10.00
-] 4e 40% effective spoilers . . . . 17.00
8 1b 20knotwind . . . . . . . ., 16,33
7 6c Nominal pressura rate at 2.0sec . . . . . 13.00
8 3a Brake applicationspeed + 10% . . . . 10.67
4h Spoiler deployment 8t 2.0sec . . 10.67
4c 60% effective spoilers , . . . . . 10.67
1 1a Maximum landing weight . . . . . . 10.00
12 1a 10knotwind . . . . . 9.33
13 1c “10knotwind. . . . . . . ., . 8.67
14 4a Spoiler deployment at 1,0 sec 7.67
of 60% of full matered pressure . . . . . 6.67
2f Flat mu-slip peak . R 6.87
2q Tire inflation pressure 120% of nominal 6.33
18 2 Low tire heating . . ., . N 4,87
19 1q Torque gain 120% of nominal . . . . . 3.00
[] Insert 20% restriction in return line . 3.00
2c Forward center of gravity . 3.00
22 4q 80% engine idle thrust . 2,67
2b Cold day 2.67
24 2 Aftcenter of gravity . . . . . C 2.33
1e Torque response breakpoint 160% of nominal 233
28 1f Torque rasponse breakpoint 50% of nominal 2.00
27 2a Hotday. . . . . . . . . . . .. 1.87
3a Rough runway surface . . . . . . . 1.67
2b Tire inflation pressure 80% of nominal 1.67
c Move dynamic breakpoint out 150% of nominal 1.87
3 4f 120% engine idle thrust . . . . 1.33
Ba 160% nominal pressure appllcnlon rate 1.33
1 Variable torque gain 1.33
b Increase line diameter by 60% 1.33
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Table 30.—747 Parameter Ratings (Concluded)

i
i
Parameter !
Rank co:t;:on Description rating ‘;
index :
t
36 1d Notorquepeaking = . . . . 1.00 t
1j Linear torque gain . . . T 1.00 l
2 B0%worntire. . . . . . . . .. ... .. 1.00
2d 80%worntire. . . . . . . . . . . . ... 1.00
3a Maximum strut frequency varying mass ., . . . . . 1.00
3f Vertical stiffness 80% of nominal . . . . . . . . 1.00
3q Vertical damping 120% of nomwnal . . . . . . . . 1.00 5
d Move dynamic breakpoint in 60% of nominal . . . . 1.00 b
f Increase brake volume by 10cu'a. . . . . ., . . . 1.00 E
44 Ge 76% of full metered presaure . . . . . . . . . . 0.67 :
1h Torque gain 80% of nominal . ., . . , . . , . . 0.87 g
3b Minimum strut frequency varyingmass . . . . . . 0.87 :
3 Vertical stiffness 120% of nominal . . . . . . . . 0.87
3h Vertical damping 80% of nominal . . ., . . . . . 0.67
49 1a Highfadebrake . . . , . . . . . . . . . . 0.50
1b Lowfadebrake . . . . . . . . . . . . .. 0.60
61 1c Torque peaking 160% of running . . , . ., . . . 0.33
3c Maximum strut frequency varying stiffress . . . . . 0.33
53 b 50% nominal pressure applicationrate . . . . . . . 0
4
3 '
) !
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Table 31.—C-141 Parameter Ratings
Test Parafneter
Rank condition Description rating
index
1 4c No spoilers or drag devices . . 63.00
2 1b 20knotwind . . . . . . . . . 33.00
3 3b Brake application spesd + 20% . . 28.33
4 4e 40% offective spoilers . . . 27.33
6 2f Flat mu-slippeak . . . . . . 20.00
6 1c 10 knot wind . . 17.67
7 1a 10knotwind . . . . 17.33
8 2 Low tire heating . . . . 17.00
. ] 4d 60% effective spoilers . . . . . 16.00
10 1a Maximum landing weight . . . . . 14.33
3a Brake application speed + 10% . . . 14,33
12 6f 60% of full metered pressure . . . . 11.33
. 13 b Minimum landing weight . . 10,33
14 4b Spoiler deploymentat20sec . . . . 10.00
d Move dynamic breakpoint in 60% of norinal 10.00
16 2b Tire inflation pressure 80% of nominal 8.67
- 17 2a Tire inflation pressure 120% of nominal 7.00
18 19 Torque gain 120% of nomial 6.87
: 19 4a Spoiler deployment at 1.0 sec 6.00
b Incresse line diameter by 50% . . . 6.00
: 21 [} Increase brake p-v gain . 6.67
22 2c Forward center of gravity . 65.33
23 2a Hot day . . 6.00
2b Coldday . . . 6.00
1j Linear torque gain 6.00
a Decrease line diameter by 60% 6.00
27 1h Torque gain 80% of nominal . . . 4,00
28 Be ‘16% of full metered pressure . 3.33
20 1j Variable torque gain. . . . . R 3.00
30 [ Move dynamic breakpoint out 160% of nominal 2.87
[ Insert 20% restriction in return line . 2.87
32 4g 80% engine idle thrust ., . . . . 2.33
} 33 2d Aftcenterofgravity . . . . . . 2,00
4f 120% engine idle thrust . . ., . . ., 2.00
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Table 31.—C-141 Parameter Ratings (Concluded)

Rank

Test
condition

Description

Parameter
rating
index

37

40

42

44

47
48

60

1f
3c
2
3s
3b
le
3d

3a
f

1c
s
3t
1a
1d
3h
1b
Je
3q

Torque response ' reakpoint 50% of nominal
Maximum strut frequency varying stiffness

80% worn tire, . . . . . .

Maximum strut frequency varying mass

Minimum strut frequency varying mass

Torque response breakpoint 160% of nominal
Minimum strut frequency varying stiffness

Rough runway surface . . . .
Increase brake volume by 10 cu in, .
Torque response 150% of running
60% worntire, . . ., ., . .
Vertical stiffness 80% of nominal
High fade brake . . . ., .

No torque peeking . . . . .
Verticai damping 80% of nominal .
Low tade brake . , . . , ,

Vertical stiffness 120% of rominal .
Vertical camping 120% of nominal .

2.00
2.00
1.87
1.67
1.67
1.33

1.33
1.00
1.00
0.67
0.67
0.87
0.60
0.33
0.33
0

0

0
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Table 32.— F-4 Parameter Ratings

Rank Test Description Pa::;:‘e;er
condition
index
1 4c No spoilers or drag devices . . . . 63.00
2 1b 20knotwind . . . . . . 34.00
3 40 40% effective spoilers . . . 3367
4 9 Increase brake p-vgain . . . . . 28,33
6 5f 650% full metered pressure . . . . 24,67
[} 3b Brake application speed + 20% . . . 23.33
7 1¢ 10knotwind., . . . . . . ., . 22,67
8 4d 80% effective spoilers . . . . . [P 21,00
9 c Move dynamic breakpoint out 160% of nominal 19.33
10 1a 10knotwind . . , . . . . ., . . 18.00
" Ge 76% full metered pressure . . . . . 156.33
12 2b Tire Inflation pressure 80% of nominal . 15.00
13 1a Maximum landing weight . . . . . 14.67
14 3a Brake application speed + 10% 13.33
15 1h Torque gain 80% of nominal . 13.00
16 2b Coldday . . . . . 12.87
17 4f 120% engine idle thrust . . 11.87
2a Tire inflation pressure 120% of nominal 11.67
18 b Increase line diameter by 50% . . . 11.33
20 19 Torque gain 120% of nominal 10.87
21 2a Hot day . 10.33
22 1j Linear tuique gain 10.60
23 2d 80% worn tire . 9.33
24 1i Variable torque gain . .. 9.00
2% 4b Drag device deployment at 2.0 sec . 8.00
26 d Move dynamic breakpoint in 60% of nominal . 1.87
27 4 80%engine idle thrust . . . . . . 7.33
28 % 60% worn tire . e 6.00
20 43 Drag device deployment at 1.0 sec . 5.33
30 6d Nominal pressure rate at 4.0 sec . 5.00
f Increase brake volume by 10 cu in. , 6.00
32 2f Flat mu-stip peak . 4,00
33 2 Forward center of gravity . . 3.33
34 b Minimum landing weight . . . 2,00
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Table 32.~F-4 Perameter Ratings (Concluded)

Farameter
Rank co:::t: on Description ratlng
index
te Torque response breakpoint 160% of nominal . 3.00
2 Lowtireheating . . . . . . . . . 3.00
37 2d Aftcenterofgravity . . . . . . . . . . . 2.33
8¢ Nominal pressure rate at 20sec . . . . . . 233
1f Torque response breakpoint 50% of nominat 233
49 3b Minimum strut frequency varying mass 2.00
41 3d Minimum strut frequency varying stiffness 1.87
3e Vertical stiffness 120% of nominal . . , . . . 1.67
43 3c Maximum strut frequency varying stiffness 1.33
44 1d No torque peaking . . . . . . 1.00
[ Insert 20% restriction in return ine . 1.00
48 Sa 150% nominal pressure application rate . . . . 0.67
1c Torque peaking 160% of running 0.67
3g Vertical damping 120% of nominal . 0.67
49 1a High fade brake 0.560
60 6b 50% norminal pressure application rate . 0.33
3a Rough runway surface . 0.33
3a Maximum strut frequercy varying mass . . 0.33
3f Vertical stiffness 80% of nominal 0.33
54 1b Low fade brake . 0
3h Vertical damping 80% of nominal 0
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SECTION Xill
CALCULATION OF P! TERMS

Tables 33, 34, and 35 contain information needed to calculate various pi terms, The data
consists of baseline values as well as values used in the brike system simulation parametric
study. Tables 36 through 40 show the actual calculation steps to obtain pi terms for each
condition and all airplane models. The calculations for m, 7, and #3 are straightforward.
For 74 calculations, the term Fe was obtained using the following relationship:

Fo = Foo+ 5E (v+Vstop )

where:
Foo = engine idle thrust at zero velocity
KE = change of idle thrust with velocity

Vstop = velocity at which stopping distance calculation
was stopped on the simulator
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Table 33.—Baseline Values Used in Airplane Simulation and Prediction Mode/

Airplane Parameter Airplane
737

Symbol Units 727-200 Advancea 747-200 C-141A F-4E
Cp - 0.263 0.276 0.18 0.223 0.32
CL - 0.140 0.242 0.67 0.262 0.27
Feo lot 2476 1200 9480 3600 1260
KE Ibf-sec/ft -6.37 20 174 -6.94 -4,98
p tbf.sec2/ft4 0.00238 0.00238 0.00238 0.00238 0.00228
v fps 195 173 219 200 266
Vstop fps 24 24 24 24 24
w Ibf 126000 85000 610000 260000 35000
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Table 36.—-727 Pi Determination

v ™2 .6 M= .5 ™, = .4 M= .3 my =
COND. s [esgAt] o leah®| 5 [saA o [esVY & |y Al
FPs | FT | T, FTr o[ ™, FT o|m™, FT |, FT m,
BASE -
LINE 195} 1278 J1.082 fib56 1.233 | 1750 | L.hB2Jees0 ]1.905 | big2 {3.550
v C Co c% M= 6 M= .4 T =.2
N D
ConDiTION s |s3AR & |ea/vi| o |sg P
FPS | -~ - [Ty
Y o| o™y FT T, FT m,
Baseuve | oo 1 | osa| Lsss | wersfiiose |irso [1iee |uiee | sss
N |
60% SPOILERS 195 628 |.21861 2.87 | 1409|1.200 | P03k | 1.722 | 5089 | 4.309 ;
AORSPOERS | g5 | g7o {.oo1u| u.33 | 1550|1320 {216 2002|5560 |h.i08
1N° SPOILERS| yos | 136 .167 | B.14 | 2306]1.953 | 3550 | 3.006 | 6926 | 5.685
r ?
]
‘I V | Feo | Fe ! ve | = .6 T, =.4 T,=.2 |
. Fea 4
jCoNDITION s [s92 o [esAt] o [ee vt
‘ FPS [Lbp [ Lbp [ T, .
FTlm [ Fy fomy [ rT Lo
|
BasELINE 195 | aurs | vt ] riier | 1er8 f1os2] ars0 | 1.a82 {uige | 355 !
1
i
Max. W+ 208 245 | 177 [Lo637A | 1hoo |d.0b2 1901 | L. 430 | U579 | 3.4081
1
MiN. WT 17 | yqg | 1777 | 36h00 | tosL | 1i8] 1525 | 1622 | v 26 NI
. i
+10% vV 214 owts | LrrThotthe| L3 | Lo0e| 2003 | 1.395( 5013 3.“92J:
. 1
reon v 234 ahys | 1777212398 1685 10 991 2300 | 1.355] 5537 | 3.2%:
\20% Fe 195 | 2970 | auiz|sean | 130% | L.owo3| vi76 | 1.sos| w732 | ko007
o
8C7 Fe 195 | 1980 1 1137110080 | 1ers| Love| viee 1..h6h1 4055 3,434
WHNEDUIVICLIE VTGN Sy R —_ PR Sp [ R
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Table 37.—737 Pi Determination

v B Moz 5 | ez 4 | Mp=.3 |
COND. s [s9At s [es/vE| s [saAF o sgA?
s | rr [ [FrT[m LFr | | FTY | m,
BASE -
LINE 173 | 1068 | 1.1k ] 1215 | 1.307] wiho |i.560] 1797 | 1.930] 25k {2.6lio
V CL CD C% T = .6 “'1: 4 ﬂ-L:.l
coNDITlON D s 53/\/: ('S %9 /Vl S o9 /vl
FPS | — - |y
T | ™, AR EZE R
Baserne | | oo | Lors| 8o | 1068 |11g | 1uio | 1.5k0 | 2ust | 2.6
60% SPOILERS
. 173 | 748 | .eb2|3.003 | 1210 [1.302] 1643 | 1.767 ] 2819 | 3.03
P
4D% SPOILERS 173 11,003 [ .216 4,643 | 1313 1.2 1798 | 1.930 | 3122 | 3.359
NO BPOILERS| o3 |1.s12) .10k 7,790 | 1480 |1.595 | 2000 2,95 ~ .
. H = . =,
| V |Feo | Fe Fv M= .6 e =4 M= -2
' e
’CONDITION s |sspt| o |saAt] o ss/vzji
FPo by | Lep | Ty ‘
FT | ™ | FY |7, [ FT | ™, i
I
BASELINE 173 1200 | 1397 | 146§ 1068 | L.1hq thho [1.549 | 245h4 | 2.6L0!
|
Max. WT | 198 | 1200 | 1397 | ooua [ 1306 | 1.18 1856 Jr.s24 | 3126 2.567!
MiN. WT 165 | 1200 | 1397 33266 | 960 | 1.134 1302 |1.580 | 2231 | 2.639
. i
0% v 199 1200 | 1397 | 77k39 | 1266 | 1.129 1697 J1.514 [ 2850 | 2.5L2,
204V 207 | 1200 | 1397 hrosia| ks | 1.i0d 1956 |1.hto | 323 2.!:3(]
\20% Fe
173 (hho | 167h | 36751 | 1067 | L.1h8 1bks |L.555 | 2hgz [ 2.681
8C% Fe 173 960 1113} 55267 | 1063 | 1.143 | 1h30 [1.538 [2b19 | 2.602
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Table 38.—747 Pi Determination

\i Ty 2 .6 ™= S ™ = .4 M= .3 T, = .
COND. | - s [sgAt] o les/vt| o [saAf] o |egA? o sl
FPe | Fv | T, FT | ™, v |, | FT | T, FT o[ m,
BASE-
LINE 219 | 1905 |1.279 | 2206 h.480 | 2630 h.766 |3307 | 2.200 | 4598 | 3.087
\Y C. | Co C% M2 | M* .4 M=z
ConpiTION =1 I s/t sa/vt| s leg v
FPS | — - | ™y
ey | T, FT | m, FT | ™,
BaseLine 219 67| 18] 3.722] 1905|1.279 | 2630 | 1.766 | 4598 |3.087
60% SPOILERS] 19 .862 [.1607 [ 5.364 | 2085]|1.400 | 2908 |1.952 | 5135 |3.Lu7
4D% SPORERS | 219 958 |.151 [ 6.3u4 | 2199|1.476 | 3066 | 2.058 | 5464 [3.668
NO SPOILERS| 219 { 1.15 |.1317 | 8.732 | 2507|1.683 | 3491 | 2.344 | 6263 p.205 |
J
|
[ 2 = 5
; V | Feo | Fe Fv'3 ™ .6 = .4 Mes .2
' e .
|Co~omom v [s3p2] o |s9/l| s [ea/v?
FPe by |ty | Ty
Fr|m™ | FT | T, | FTY | ™,
F BASELINE | 219 | ouso {21557 | 21850 | 1905 [1.079 [ 2630 | 1.766 |us08 | 3.0871
: Max. W 231 9LB0O | 11557 § 29711 | 2090 f1.261 | 2891 | 1.7hk | 5040 | ;.01
: MIN, WT 194 | o480 |11557 | 10bkb | 15028 |1.307 | 2137 [ 1.828 | 377 | 3.229
i +10% vV 236 | 9480 {21557 {29339 | 2112 [1.285 | 2910 | L.77L | 5036 | 3.065!
+ 204V 2kl | 9uBo | 11557 | 38820 | 2334 | 1.9k [ 3201 | 1.775 [ 5469 3.032)
120% Fe 219 |11375 [13872 | 18235 | 1916 | 1.286 | 2661 | 1.786 | 4102 | 3.157
807 fe 219 7584 | 9231 | 2703 { 1868 f1l.254 { 2580 | 1.732] hk38 | 2.979
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Table 39.-~C-141 Pi Determination

N Ty 2 .6 Th= 5 T = .4 Mp=.3 My =.2
COND. s [s9At] s [savt] o [8sAY o [ssAt] o |e3At
sl rr [m [FT [m [fv Jm [rr [, | er | m,
BASE -
LINE 200 1841 |1.482 |2223 | 1.789 | 2752 | 2.215| 381k [3.069 }5650 |L.SuB
VvV |C | Co C% Tz |Th= .4 T =2
o
ConDITION s |ssat| s [sa/i| s [sap
FPS | — | — | Ty
frlw | frlm |ET | M
BazeLine 200 |.2615 |.2206 1,175 {1841 |1.482{ 2752 | 2.215 | 5650 [u.548
©0% SPOILERS
% SPOILERS) oo | .5969 [ .1790 [3.352 | 2135 |1.722| 321k | 2.587 | 6506 [5.237
40R SPORERS | 200 |.7646 | .1580|u.839 | 2340 |1.88L] 3565 | 2.870 | 7050 [5.675
NO SPOILERS| 200 | 1.10 | .1146[9.607 2948 | 2.373 Ls75 | 3.683] -
| (3 - - -
t V | Feo | Fe ng T2 .6 = .4 M= .2
[ 3
ConoiTioNn 3 s 89/ & [saAt| & |es/vi
FPS by | Lby | T4
Fr|m v fm e | m
BASELINE  |200 | 3600 | 2823 [se319 | 1841 p.bs2 | 2752 [2.215 | 5650 |u.548
Max. Wt |28 3600 | 2823 |86ha1 | 2158 L. k62 | 3102 |2.102 | 6369 [L.315
Min.WT | 167 | 3600 | 2823 |1821 | 16521907 o728 [3.138 | k602 [5.313
+10% v 220 | 3600 | 2823 {92685 | 21uhf1.426 |3173 [2.111 | 627k | b.ATM
z o,
+2zo% v 2ho 3600 | 2823 |156204] 2u66|1.378 | 3580 [2.001 | €851 | 3.830
\20% Fe |00 | L3o0 | 3692 | 3v780| 1866|1.502 |2797 [2.250 | 5836 | u.698
80% Fe | 200 | 2880 | 1950 | 75333 1824[1.468 [2703 [2.176 | 5430 |4.3m2
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Table 40.—F-4 Pi Determination

N ™ 2.6 Th= 5 | M= .4 mp=.3 ™y =.2
COND. s [sgAt] o [eafvt] s |ssAf = [eaAt] o [saA?
FPs | er tm, Jrr[m [er jo, [Frefm [ry | m
BASE~
LINE | 256 | 2766 |1.359 | 3273|1.608] 3974 | 1.952|5061 | 2.585]8593 [u.202]
Vv c. lep C% MW= .6 M= .4 M= .2
ConpiTiON s |saAtl o Jea/vt| 5 lsg N
FPs | — | — [ My
er (™| frr | M [ FfY | ™
BasrLine 256 .21 | 319 .8u6| 2766 |1.359 | 3974 | 1.952 | 8593 | b.202
60% SPORERS| 256 .27 | .228]1.184 | 3215 [1.579 | 4850 | 2.383 10738 5.276
403 SPOILERS | o5 .27 | .192 | 1.406 | 3u27 |1.684 | 5326 | 2.617 |12274 | 6.031
NO ®POILERS| 55¢ 27 | w110 | 2.45h | 4095 |2.012) 7061 | 369 | 7 -
[ = £ =,
| V |Feo | Fe Fvs Te=6 | 7.4 T,=.2
[ 3
ConDITION s a2l o |ssAl] S fea/v?
FPS |Lbp |[Lbp [Ty
FTr|m | FT | ™, [PT | o
BaSELINE 256 | 1260 | 563 P1k658% 2766 [1.350 | 3974 [1.952 | 8593 |u.202
Max. WT | 2 | 1260 | 563 bs3suog| 3255 |1.229 | 4880 [ 1.843 | 8832 |3.335
MiN. WT 237 | 1260 | 563 [r25280 | 270k [1.55 | 3841 ]2.202 | 8271 |4.741
+10% Vv 282 | 1260 | 563 pobB633[ 3370 |1.364 | 4566 | 1.849 8825 | 3.573
+204 Vv 308 | 1260 | 563 B4T7515) 3907 |1.32k | 5022 | 1.705 8885 | 3.016
'20% Fe |56 | 1510 | o8 ferier [2893 (1.2 | 1196 | 2.062 | 10615 | 5.215
807 Fe 256 1010 | 16 [3845833 2722 |1.337 | 3836 |1.885 | 7218 | 3.546
160
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SECTION XIV
ARRANGEMENT OF Pl TERMS

The experimental data converted to nondimensional pi terms must be arranged so that all of
the pi term- --ntaining independent variables, except one, remain constant. The remaining
term is t, »r varied to establish a relationship between it and 7y, the term containing the
dependent variable. This procedure is repeated for each of the independently variable pi
terms in the function. Tables 41 through 45 show the arrangement for each of the five
airplanes. Each page is a complete data set with three sets per table to show the data at 0.6y,
0.4u, and 0.2 conditions.
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Table 41.—727 Pi Arrangement

INDEFENDEKT] DE PENPENT ™ TeaMs HELD
W TeRM ™ TERM CONS TANT
(TT2) (Tr4) TTa T, CONDITION
.6 1.082 eea 117 | BASELINE
5 233 A A )
4 1,482
) 1.905
Y Y Y
(1T7a) () T2 Ta ConpiTIoN
.553 1.082 .6 71127 | BASELINE
2.97 1.210 } | b | eo%sroiers
4,33 1,320 } 4 0% SPOILERS
8.144 1.953 Y Y  |NO SPOILERS ,
(1r4) (my) ™ Ta T ConDiTiON
T MINIMU M
36400 1.118 £ | 553 | WEIGHT
T ~t
52331 1,103 A ‘ \ 120% THRUST
M2y 1,982 BASELINE
MAXIMUM
106378 1,042 WEIGHT
110989 1.077 ' BO% THRUST
127746 1.026 ! Ho% Vg
212394 £.99] Y \ 120% Vi
162
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Table 41.-727 Pi Arrangement (Continued)

(T72) (Tr4) T Ta CONDITION
e

© 1.082 553 N2y | BASELINE

X 1.233 | '}

4 1.482

3 1.905

J Y |

(TT3) () T2 Ta CoNDITION
553 1.482 .4 M2y | BASELINE
2.87 1.722 ] A ©0% SPOILERS
4.33 2.012 407% HPOILERS
8,144 1.006 \ Y NO SPOILERS
(Tr4) (m4) ™ s ConbiTioN

MINIMUMM

36400 1.622 A4 553 WEIGHT

52331 1.504 [ A 120% THRLST
1127 1.482 BASELINE

MAXIMUM
106378 1.430 WEIGHT
110989 1.464 B80O% THRUNST
127746 1.395 110% Vg
212394 1,388 J V 120% Vi
163
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Table 41.—-727 Pi Arrangement (Concluded)

(T72) (™) Ty Ta CONDITION
3 2.175 563 71127 | BASELINE
275 2,400 )

.25 2.65

.225 2.975

2 3.550 ]
167 4.242 Y

(TTa) (1) T2 T ConpITIoN
.553 3.58 .2 71127 | BASELINE
2.87 4.309 A A 603 SPOILERS
4,33 4.708 4 0% SPOILERS
8.144 5.865 Y Y NG SPOILERS
(Ts) (1) ™, T, ConDITION

MINIMUIMM

36400 4.494 .2 cr2 | WEIGHT
52331 4.007 A [ 120% THRUBT
mez 3,530 BASELINE

MANXIMUM

106378 3.408 WEIGHT

110989 3.434 80% THRUST

127746 3.492 Ho% Vi

212394 3.256 Y J 120% Vg

164

ot e it i il A P LR



Table 42.—737 Pi + rrangement

Lo e

ey S g S TEIRRTMS

(1r3) (my) Ta CONDITION
-6 1.149 8 44146 | BASELINE
-3 1.307 | A )

4 1.549
3 1.932
2 2.640
A 4.500 1 Y
(17a) () Ta ConpiTioN
_1.149 44146 | BASELINE
3.093 1.302 A ©0% SPOILERS
4.643 1.412 4 0% SPOLERS
7.794 1.595 Y NO SPOILERS
(Trg) ) Ta ConpiTiON
MINIMUM
33266 1.135 .88 WEIGHT
36751 1.148 i 1207, THRLST
44146 1.149 BASELINE
99481 1,146 e
55267 1.143 80% THRUST
77439 1.129 | Ho% Vy
23 1,100 Y ! 120% Vi

e SRS, ASASTIETY T Mg T
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Table 42.--737 Pi Arrangement (Continued)

(TT2) (Tr4) Ty Ta CONDITION
6 1.149 .88 44146 | BASELINE
5 1.307 [} '}

4 1.549
3 1.932
‘2 2.640
3 4.500 Y Y Y

(TTa) (1) T, Ta ConpITION
.88 1,549 4 44146 BASELINE

3.093 1.767 A A 60% SPOILERS

4,643 1.930 407, SPOILERS

7.79 2.195 Y Y NO SPOILERS

—_— —— i
(T) (™) T T, ConDiTION
MINTMU M

33266 1.540 4 .88 wEIGHT

36751 1,555 ) | 120% THRUST

44146 1.549 BASELINE

MAXIMUM

99481 1.524 WEIGHT

55267 1.538 80% THRUST

77439 1.514 Ho% Vg

129573 1.470 Y Y 120% Vi
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Table 42.—737 Pi Arrangement (Concluded)

(Try) () Ty T CONDITION
-6 1.149 .88 44146 BASELINE
e 1.307 | )
|4 1.549
-3 1,932
-z 2.640
R 4.500 Y Y Y
(174) (™) 2 Ta ConDiTiON
.88 2.64 .2 44146 BASELINE
3,093 3.03 A A ©0¥% SPOILERS
__4. 643 3.359 4 0% SPOILERS
7.7% w7 Y / NO SPOILERS
(1) () M, T, CoNDITION
MINIMUM
33266 2.639 .2 .88 WEIGHT
36751 2.681 [} [ 120% THRLST
44146 2.640 BASELINE
MAXIMUM
99481 2,567 WEIGHT
55267 2.602 80% THRUST
77439 2.542 Ho% Vg
129573 2.430 Y Y 120% Vi
167
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Table 43.—747 Pi Arrangement

T T i

(T72) (1r4) Ty s CONDITION
il 1.279 3722 | 21850 BASELINE
X4 1,480 .

4 1,766
3 2.220
2 3.087
A 5.520 Y Y Y

(T7a) (™) . Ta ConpiTion

3.722 1.279 .6 21850 BASELINE

5.364 1.400 A 60% SPOILERS

6.344 1.476 40Y% SPOILERS

8.732 1.683 \ Y NO SPOILERS

(Trs) (™) ™ N ConDITION

10444 1.307 .6 3.722 WEIGHT |

18235 1.286 ) ) 120% THRLUET

21850 1.279 BASELINE

29711 1,261 wEenr

27403 1.254 BC% THRUST

29339 1.285 105% Vg
|_3se10 1,204 Y 7 0% Vq
168
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Table 43.—747 Pi Arrangement (Continued)

(17r2) () Ty T, CONDITION
.6 1.279 3.722 | 21850 BASELINE
.5 1.480 ) A A
4 1.766
-3 2.220
-2 3.087
A 5.520 Y Y Y

(TT3) () T2 T ConDiTioN
3.722 1.766 A 21850 | BASELINE
5.364 1.952 A A ©0% SPOILERS
6.344 2.058 40% SPOILERS
8.732 2.344 Y Y NO SPOILERS

(T4) (™) ™, T CoNDITION

MINIMUM
10444 1.828 4 3.722 WEIGHT
18235 1.786 | | 120% THRLST
21850 1.766 BASELINE

MAXIMUM
29711 1.744 WEIGHT
27403 1.732 80% THRUST
29339 1. 105% Vg
38810 1.775 Y Y 110% Vg
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Table 43.--747 Pi Arrangement (Concluded)
(T72) (1ry) Ty T, CONDITION
6 1,279 3722 | 21880 BASELINE
x 1,480 | )
3 4 1.766 ;
3 2.220 o
o T 3.087 i
i A 5.520 A ¥ Y -
s
‘ (Tra) | (m) T2 T, | ConoiTion S !
3.722 3.087 .2 21850 BASELINE o
% 5.364 3.447 J ! ©0% SPOILERS -
‘ 6.344 3.668 4 0% SPOILERS | 3
: 8.732 4.205 Y Y NO SPOILERS
(Trs) (™) ™ Ty ConDiTioN l
10444 3.229 2 1.722 weleHT \ 1
18235 3.157 | i 120% THRLUST i
21850 3.087 BALELINE
29711 3.001 WEIGHE
;E 27403 2.979 80% THRUST
29339 3.065 105% Vg
38310 3.032 | | 110% Vg |
170




Table 44.—C-141 Pi Arrangement

(T72) (1) Ty Ta CONDITION
6 1.am L1276 | 52319 BASELINE
x4 1.789 A
4 2.215
3 3.069
2 4.548 f
3 - Y Y ' .
l
(174) (1) Te Ta ConpiTION |
1.175 1.482 .6 52319 BASELINE :
3.332 1.722 ) A ©0% SPOILERS
4.839 1.884 4 0% SPOILERS
9.607 2.373 Y Y NO SPOILERS
‘ (Tr4) () ™, T, CoNnDITION 4
17421 1.907 .6 1.175 WEIGHT ;
§ 39789 1.502 ) | 1zo% TurLST !
- 52319 1,482 BASELINE
E“ 86421 1.462 e
; | 75333 1.468 80% THRUST ‘
| 92685 1.426 0% Vg ;‘
. 156204 1.378 Y Y 120% Vq ‘
Eo f
L
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Table 44.—C-141 Pi Arrangement (Continued)

(T72) (1r4) Ty s CONDITION
-6 1,482 1175 | 82319 BASELINE
) 1.789 i )

4 2.215
3 3.069
2 4.548
A - Y Y \

(TTa) () s T, | Conpimion
1.175 2,215 .4 52319 BASELINE
3.332 2.587 ] | ©0% SPOILERS
4.839 2.870 407 SPOILERS
9.407 3.683 Y Y NO SPOILERS

(™4) () ™, T, ConpiTioN
17421 3.138 A 1.175 wEIGHT |
39789 2,251 A '} 120% THRUST
52319 2.215 BASELINE
86421 2.102 e
75333 2.176 B8O% THRUST
92685 2.1 HO% Vg

156204 2,001 Y \ 120% Vg
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Table 44.—C-141 P1 Arrrangement (Concluded)

(172) (1T4) Ty T, CONDITION
-6 1.482 1175 | 52319 BASELINE
ik 1.789 ] )

4 2.215
3 3,069
2 4.548
. - Y Y Y

() () T2 Ty ConpiTioN

1,175 4.548 2 k2110 BASELINE

3.332 §.237 A A 60% SPOILERS

4.839 5.675 40% SPOILERS

9.607 7.389 Y Y NO SPOILERS

(Trs) (M) i R ConpITION

MINIMUM

17421 5.313 .2 1.175 WEIGHT

39789 4.698 A | 120% THRUST

52319 4.548 BASELINE

MAXIMUM

Sedzt 4.315 WEIGHT

75333 4.37 80% THRUST

92685 4.174 1o% Vg

156204 3.830 y \ 120% Vg
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Table 45.—F-4 Pi Arrangement l 1
= = 3
(T72) (174) Ty T, CONDITION 1
L
o 1.359 846 | 1146583 | BASELINE | ?
X4 1,608 A ‘ A
4 1.952 L
-3 2.585 |
- Y Y Y
(T7a) (m3) T T ConpiTioN
0.846 1,359 .6 1146583 | PASELINE ’
: 1.184 1.579 ) 60% SPOILERS
1.406 1.684 40% SPOILERS
2.454 2.012 ! Y |~NosrPoiers
— —
£ () (™) T Ty ConDiTION
MINITMUMM
775280 1.550 .6 846 | WEIGHT
681181 1.421 ] \ 120% THRLUST [
1146583 1.359 BASELINE .
MAXIMUM . ;
2535409 1.229 WEIGHT < #
3845833 1.337 /0% THRUST i
{ 1
1 2048633 1.364 0% Vy |
f w7751 | 1,324 Y Y 1206% Vg
Lo
Co
174 ;‘ :




Table 45.— F-4 Pi Arrangement (Continued)

(T72) (1ry) Ty T, CONDITION
6 1.359 | 1746583 BASELINE
3 1,608 )
4 1.952
3 2.585
A - Y J
1 (17a) () T, Ty ConpiTiON
’ o.m6 | 1952 | 4 | Taesey | BARELINE
1.184 2.383 ] A 60% SPOILERS
1.406 2.617 4 0% SPOILERS
2.454 3.469 Y Y NO SPOILERS
(s) () s T, ConpITION
MINIMUM
, 725280 2.202 .4 .846 | WEIGHT
; 681181 2.062 ! ) 120% THRUST
P
P 1146583 1.952 BASELINE
: | MAXIMUM
; | 2535409 3 WEIGHT
. 2048633 |  1.849 0% Vi
L 8477515 | 1,705 \ Y 120% Vg
L
£ !
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Table 45.—F-4 Pi Arrangement (Concluded)
(Tr2) (1r4) Ty T, CONDITION
.30 2.71 . 846 1146583 | BASELINE
.275 2.96 A 'y
.25 3.23
.225 3.F¢
2 4,222
Y Y Y
(T7a) (Try) T2 Ta CoNnDITION
0. 8486 4.922 ' 1146583 BASELINE
1.184 5 276 | 60% SPOILERS
1.406 6.031 40% SPOILERS
2.454 - Y Y MO sPoiLERS
| () (™) ™ T ConpiTioN
MiINI
925280 4.741 2 846 walé‘:\-l?l"M
681181 5.215 4 A 120% THRUST
1146583 4,222 BASELINE
MAXIMUM
2535409 | 3.335 WEIG 4T
3845833 3.546 BO% THRUST
2048633 3.573 0% Vg
3477515 3.016 J Y 120% Vg
176
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SECTION XV

FORMULATION OF MODEL EQUATIONS AND
MODEL-TO-SIMULATOR CORRELATION CALCULATIONS

After the conditions have been met for the function to be a product, a prediction equation
is formed by multiplying all component equations and the constant term C. That is:

(m)) = C ) (my, T3, 13 £y (M m3,73) f3 (W, T3, m4)

Therefore, for the 727 airplane at ?2 = 0.6:~

(m}) =0.8607 { 0.7048 (m5)0-8196 | 06869 (73) [0.3125 -0.3375% SP] 2.314 (n 4)-0.06836}

or:

(1) = 1.5001 (rr08196 (;)[0:3125-0.3375 % SP] (,,0.06836 M

For the 727 at 7y = 0.4

(1)) = 0.4507 {0.7048 (m5)0-8196 | 4582 (,,3)[0.33562 -0.32769 % sp]4.2724 (,,4)-0.9409}

or:

() = 20197 (a5y0819 (1) [0.33562-0.32769 %5P] (; 4)-0.09409-' @

177

e ot PR T

Sodteiihen




And for the 727 atmTy = 0.2

(m)) = 0.07935 {0.5648 112539262 (113)[0'21586 +0.13473%52) 37,207 (1r4)‘°-|768}

or:

(1) = 4558 (myy 1125 (ry) [0.21586-0.13473 % 58] (; 0.1768

(&)

o sk

F
!
¢
3

£

This process was repeated for the other airplanes and corresponcing prediction equations
were obtained. The prediction equations were then used to calcalate predicted stopping
distance (r term) and compared with actu: ' stopping distance (m term) for correlation. The
diference between the two was converted to a percentage error based on the actual
stopping distance (r term). Tables 46 through 50 illustrate this rorrelation comparison,
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Table 46.—727 Model-to-Simulator Correlation
) - -, L3125~ 3575%s3 -
(m) = 1.s001(m) 8% (my) (r4)" 06836
= k(MY (M) (M) ;
K () | (My) | (M) RS ] Gy [BERROR [coNDITIGH 23
1.5001 | 1.5199 | 1.0148] .wob9| 1.078[ 1.082 | -.4_ |BASEUNE | ;
” ” " .4533] 1,049]1.042 | +.7 [Max wT. 3
" z 1 " .4877] 1.128] 1.118 | +.9  [Mw.wT b
" o " " .4476] 1.036] 1.026 | +1.0 [v10% vy
v L g T .4323]  1.000{ 0.991 [ +.9 |rz0o% vy
" v - 1.1230) .4659) 1.193] 1,210 | -1.4 |eCh =P |
" " " 1.2971 » 1.378 1.320 | +4.4 |40% 9P
" & 0 1.9260] 2.046| 1.953 | +4.8 |NO SP | l
" " D 1,0149] .4755] 1.100{ 1,103 | -.3 [120% fe i
' v " " 4520 _1.046] 1,077 | -2.9 |8¢% Fe | K
4 » 2.1191 4659 1.503] 1.482 | +1.4 |BASELNE c A
| " " " .4533  1.462] 1.430 | +2.2 |MAX wT. | 4
" " . " L4877 1.573] 1.622 | -3.0 |MN. wT. | .
I N . 3 4476 1,444] 1,395 | 43,5 |'O% Vr L]
" » L v 1323 1308 1,355} +2.9 [2ORVT :
" o " 1.123 a6sal 1663l 1.722 | -3.4 "°"§_'_’___,1
" " " Logz1 L921] 2.012 | -4,5 |%°% %P "
" " N 197, " 2.852| 3.006 _'.5-9__.':‘9?‘: o )
L " 01 1048 .4755 1,534 1,504 | +2.0 ['29%Fe | ,
i " " v v s 1,458 1,464 | -.4 }BO%Fe L
i
| ;
| j
a i
i
]
1
O
HE. |
i
Lo
i
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Table 46.-727 Model-to-Simulator Correlation (Continued)

(M) = 2.0197(m,)8196  (my)F"007> "% (g = 09409

= k(WY () (M) ‘

T k| (m) | (meY | () W" M’ [werror [conpiTion |
i

6 | 2.0197 1.5199] .9953 | .3495| 1.068]1.082 | -1.3 |BASELNE | l
" " o " .3365] 1.02811.046 | -1.7 {MA-WT .
0 " " N .3722] 1.137[1.118 [ +1.7  [MN-WT. C g
" " . N .3308| 1.011)1.026 | -1.5 [*0%4Vx i ;
" " " " .3153| 0.963]0.991 | -2.8 |*20% Vx |
. g " 1.1449] .3495| 1.229]1.210 | +1.6 |e0% WP P
" " " 1.3183] 1.4} = | = |40%oP | P
" x g 1.9118] ¥ 2.051 1,953 | +5.0 | MNO WP | P
" n v | ,ogs3 | ,3598] 1.09911.103 | -.4__ |'¢O% be ?
& " " " ,3352| 1.02401.077 | -4.9 |8Y% Fe ; g
4 » 2191 P _.3495! 1.489)1.482 | +.5 BASE LINE : ‘_
r 0 " n L3365 1.433] 1,430 [ #.2 MM WT. bk
" 0 " " 3722| 1.586] 1.622 | -2.3 [MWN.wT | g
" " ' " 1j08| 1.409) 1.308 | 410 MRV 3
! » ’ " 31530 1.363).1.355. ] ».9 *20LVr §
" 2 " 1.1a40] .34es] 1.713]1.722 | -5 _ | 6O% P E
" d S TR 1.972] 2.012 | -2.0. [#°% ¥ _
- 2 DL rong M 2.8600 3.006. | -¢.8__| N0
i ' ! 9953 ] _.3508| 1.533|.1.504.] +1.9.. |'2C%Fe
” ' " " .3352| 1.428] 1.464 | -2.4 |80 Fe |
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Table 46.--/27 Model-to-Simulator Correlation {Concluded)

(m)

4.558 (,",z)-"IJZS (T L2169 --1347%s¢] (T4 -.1768
K (MY (my) (Ty)

™ K Lm) | (m [ () [Pens 2 gms- [RERROR [cONDITION
-2 139.306] .2 | .9531 | .1387 | 3.683 |3.55 [+3.7 [BASEUNE
i " o " Jl2c2 | 3.431 [3.408 [+.7 MAX. WT.
( ] + ) .1562 - - - MIN. WT.
" 0 " N L1281 | 3.322 13.492 [-4.9 jeio% vy
" v 2 I 1143 | 3.035 |3.256 [-6.8  [+20% Vg
. " " 1.1530 | .1387 { 4.455 [4.309 [+3.4 | 6O0% P
" &) " 1.2679| v 4.899 [4.708 |+4.0 [40% %P
' 1 " 1.5726 | 6.027 |5.865 |+3.6 NO SP
" " ' 9531 1465 | 3.890 14.007 |-2.9 |120% Fe
" n " g 1282 | 3.404 [3.434 |-.9 80% Fe

:
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Table 47.—737 Model-to-Simulator Correletion

R

T ArSTIETRE SR T I R AATATE ah  Tes

VTR Mt

= 0.9632 (“.z)'.7647 (wa)t.nm-,oana‘/.w ] ™) -.01951
= K (WY (M) (T
(m) | (Y | (MY !ﬁ(i’%‘f)“" AT [WERROR [CONDITION
ot
0.9632|1.4779 |.9904 | .o vy, liiag -4 BASELINE.
" v | 7989 | 1 Cou A6 _[s1.7  [MAX.WT.
- " 8162 | 1.15 c__I¥1.4 MIN. WT.
2 " 8028 | 1,130 .. "3 [+.3 H0% Vr |
L d 7048 | 1,170 300 1.8 [$OU Vi |
! 11297 | .8117 | 1,305 |1.302_ [+.2 60% =P
! 1.2101 " 1.398 {1.412 |-1.0 40% WP
D l1azes] M 1.594 {1,595 MO P |
" 9904 a146 | 1.148 [1.148 [0 120% Fe
" " g0l | 1.130 |1.143 [..3 8O Fe
2.0151 il 81171 1.560 |1.549 [+.7 BASELIME
Y " 7980 | 1.538 [1.624 [+.7 MAX WT, |
" " 8162 | 1.560.[1.540 |+1.9 _ [MWN WY
" o p028 | 1.543 |1.514 |#1.9 _|*'9% Vx
" " 7048 | 1527|1470 |+3.9.__ [*2%RVI
uo | 10207 Lenz| e fiver [+7 60% <P
" 1.21001) 1.906 [1.930 |-1.2 [40% =F |
" 1.3795] 2,173 12,195 |-1.0 [ N0 SP
! L t_10.2904| .g146| 1.565 |1.555 |+.6  ['ZO%Fe
u il P " 8081 | 1.553 1,538 |+1.0 [8C%Fe
:Z B WY v N 8117] 2.650 | 2.640 |+.4  [PASELNE |
! & N v | ,7989| 2.608]2.567 |+1.6_ |MA*-WT
l o 1 " a162| 2. 66612.639 |+1,0 |[MIN-WT.
" " » " gn2a| 2,622 | 2,542 |+3,1 _|*'O% Ve
Y ' " " 7048] 2.59512.430 |+6.8 |*%0%Vi
v " " 11207l _g117] 3.673)3.000 .2 0% SP
Y ! ! 12104 . 323003389 | .36 |40%SP
" " " 13708 " 1,653 - - NO ®P
o ! n o9l masl 2 esel26nl | -8 [\20%Fe
v v " " gostl 263012 602 [ +1.0 807 Fe
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Table 47.—737 Model!-to-Simulator Correlation (Continued)
31,096 (,)--7647 (“3)L“""’s-mw'SPJ (Ty) --03222 :
= k(WY (Trg)l (myY
K ma) | (M | () [TERET] Ty [ BERROR [CONDITION)
. 1,096 [1.4779 | .9898 | .7085| 1.136 |1.149 |-1.1 |8ASEUNE | ]
! " " " " L6902 | 1.107 [1.146 |-3.4 |mAX. W
- I " " n 7150 | 1.146 [1.135 [41.0  [MIN.WT.
v R ¥ " 6958 [ 1.116 [1.129 [-1.1  [moi vy
T ' " " .6843| 1.097 [1.100 [-.3  [+2O%Vy §
K 3 ' | 1.1381] .7085| 1.306 |1.302 |+.3 | 6O% SP 3
I " " 1.2245) 1,405 ]1.412 | -.5 40% P
" n v 1.4077] v 1.616 |1.595 |#+1.3  |NO WP | 1
E, " o H 9808 | .7127| 1.143 01,148 |-.4  |'2C% Fe |
! 0 L v " 7034 ] 1.128]1.143 |-1.3 _[80% Fe g
; K 4 2.0151 7 . 7085 1.549 | 1.549 n BASELIME =
" " " " .6902 | 1,509 |1.524 |-1.0 [MAX WT. | !
& " " " (7150 | 1,563 1,540 |+1.5  [MmNew |
" N " " L6958 | 1,521 | 1514 |45 [1O% VT ]
" " " " 6n43| 1.496 | 1.470 |+1.8_ |*"0%7r |
: " X | 1aam1|  zoss| 1.781)31.767 |+.8 60% 5P
: " " | 1o0es| M 1.916 11,930 | -7 |40% 5P |
" " " 14072 " 2.203.12.195. | 4.4 NO SP )]
: " " ) 9898 7127 18584 1.565 }+.2 ..} °O%Fe |
” " " " 7034 1.538)1.538 |0 804 Ve
-2 134237 | .ogeR 7085] 2.632 | 2,640 | -,3 _ |PASHUME
" " g L gan2| 2,564 2,567 | -1 _ [TAXWT ‘
" " " " 7150l 2.6551 2. 639 |+ 6 MIN.WT.
" " " v 6958] 2.584 02,542 | 41,6 |*'O%Vi
| o " u 6843 2.547]2.4%0 | +4.6 |*20% Vi
; " " " 1.1381] _.7085] 3.026(3.030 | -1 |©O%SP
i i L v 1 12048 " 12650 3380 | .31 [40%SP §
1 7] " 7 14077 n 1. 7231 - NO S N %
! ! Y1 egeel 727l 2.64712.681 | a13 ‘20:/‘ Fe U
i z ! " t L r0sla.e1alag0a las 1BOATE i
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Table 47.—737 Model-to Simulator Correlation (Concluded)

(1‘1) = 1.4409 (11‘1)-‘7647 (’"3)£ Ne3N-,0011% 5] (11-‘)-.05739
= k(MY (M) (MY

EA KL (m) | (M | (M) 6857 {3 [VERROR [CONDITION
e 1.440901.47990| .9871 | .5413 | 1.138 [1.149 |-.9 sAsuyN;:
! Y " " L5166 | 1.089 |1.146 |-4.9  |MAX. W1
' " ' 3 .5501 | 1.156 {1.135 [+1.8 |[MIN.wT
! ' n " .5241 | 1.102 |1.129 |-2.4 [v0% vy
! " g " .5088 | 1.070 |1.100 [-2.7 [+20% vy |
' " h 1.1533 | .5413 | 1.329 |1.302 [+2.1 60% P
! " " 1.2376 ] " 1.427 [1.412 {#1.} 40% P
- L D 11.4003] Y 1.614 11,595 |+1.2 [NO =P
" " " 9871 54700 1.150|1.148 [+.2 120% Fe
Y i " Y ,5343] 1.12311.143 [-1.7  [B%% ¥e
4 % |2.0151 | .9871 | .5413[ 1.55171.549 [+, Bt L
1 " " " 5166 | 1.480 | 1,524 [-2.9  [mAx w.
" "y " o L5501 | 1.577] 1.640 [+2.4  |jam. w1,
" N N y 5241 1.502|1.514 | -.8  |vio% vi |
" b " " .5088| 1.458|1.470 |-.8  [+20%vp
“n B o | 1.1533] L5413 1.813| 1.767 | +2.6 | 60% P |
" " " 1.2376] ¢ 1,945]1.930 |+.8  |40% P
" " T 1.4003] 2.200] 2,195 |+.2 | NoO'SP |
" " " .098T1! .5470] 1.568] 1.555 [ +.8 [120%Fe
" " n " 5343] 1.531] 1.538 | -.4 | B80% e |
2 » 134237 ] 0.9871] .5613] 2.636| 2.640 | -.1  |BASEUNE |
! " " " .5166] 2.516) 2.567 | -2.0 |[MAX.WT.
N ! " " ,5501] 2,679 2,639 [ +1.5 |MIN.WT.
! o " " .5241] 2.552] 2,542 | +.4 _ [+'O%Vp
? ° " . .5088] 2,478 2.430 | +2.0 |*20%UVy
! N ” 11533 5413 3,080] 3,030 | +1.6 _|©O% 5P
n Y 2] 1 227 " 1.308}- 3,359 »1,6 40'/. [N
! 2 u 1.4003 " 3739 3.718 | +.6 |NO BP
i " " 9871 5470|._2.664| 2.68] | -.6 |12O%Fe
L " R 5143 2.6020 2.602 | 0 80X Fe
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Table 48.—747 Model-to-Simulator Correlation

(m) = 9539 (“_z)-.B'IS (“3)L M0 RKUSP] (1 v =, 01676
= K (mY (my) (T

K1 m) [ (M) | (M) [7085 0 (s [WERROR [cONDITION
. -9539 11,5164 | 1.0473| .e@458 | 1.281 {1,279 [-. BASELIME. |
N " y " 8415 | 1.275 |1.261 |-1.1  |MAX. WT. |
" " " " .8563 | 1.297 {1.307 |+.8 MIN. WT.
B ¥ " ¥ 8416 | 1.275 |1.285 |+.8  |410% Vg
X B " N ,8377 | 1.269 |1.294 |+2.0 |+20% Vy
" 0 o | 1.1444| .8458 | 1.400 [1.400 [0 6O% <P
" X oo 2093 o 1.479 [1.476 |-.2 ao% 5P|
m » N 1.686 |1.683 |-.2 NO SP |
" " v | 1.0473] .8484 | 1.285 [1.286 |+.) 20% Fe
" n " h 8026 | 1.276 [1.258 [-1.7  |8o% Fe
4 »_{2.1102 | 1.0473] .8458 | 1.782 [1.766 |+.9 | BASELNE
" " u N 8415 | 1,774 [1.788 [#1.7  imax. W, |
I " ' " .8563 1 1.805 [1.828 |=1.3  |MiN.WT.
” ” . g 8416 | 1,778 (1,271 f+.2  [MORVE
" " " v | a3z 1,766 1775 | -5 [*P0%Vr
g z v 1 1.144a| .pesal 1.9481.952 |-,z |6O% 5P
" z v | 12003l » 2,058 2,088 |Q___140%SP |
v " v 1.a782l " 2.386]2.344 | +.1 NO s
" " " 104730 _sAsal 1.788)1.786. |1 |'¢C%Fe |
" " " " 8a26| 1.77501.732 |45 |BO%Fe
-2 4d 712 | 10473 .e4ase| 3.136]3.087 |+1.6 [BASELNE
U ! L L 8415] 3,121]3.041 [ +2.6 |MAX WT
] i 4 " sgal 317801329 | 1.7 [MN-WT
" & " " 8416] 3.121] 3.065 | +1.8 [*O% V1
» " " 0 pu7| 3.306) 3.032 | +2.4 |*?0%Va
! " D | 1s0al  pasel 3.027] 3967 | -6 [eO% P
" Al L 1. " 1.620| 3668 | .13 [4O%SP
" n 1 .37 " 2121] 2% -1.8 NO SP
" " n | 1.0873 .8484] 3.145] 3.167 | -.§ |12O%Fe
" " " " .8426 3.123] 2.979 | +4.8 | 80X Fe
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Table 48.—747 Model-to-Simuiator Correlation {Continued)
(m) = .9974 (m,) -.815 (’"3)["8151‘ 0935 (174)"03004
= K (MY (MY (M)
: K () | (myY | (MY ﬁg%"c)“" 7). [SERROR [cONDITION ‘ ]
6 | og74 [1.5168 | 1.1369] .7407 | 1.274 [1.279 [-.4  |BASEUNE o
! V " " .7339 | 1.262 |1.261 |0 MAX. WT. L
; " X " o | 7573 1,302 [1.307 [-.4  |MWN-WT | o
: " o " u 7362 | 1.264 |1.267 [-1.6 [*1O% Vi i i
| . “ z v | pe0l 1252 11208 [-3.2 [220%vs
: ! . " 1.2533 .7407| 1.404 [1.400 |+.3 60% P 3
" " v | 1e2| 1,486 | 1,476 |+.7 | 40% SP b
3 - L o 1.5080 V' 1.689 | 1.683 |+.4  |NO oP 4 ' ﬁ
] h ' n 11369} 7747 1,280(1.286 |-.5 \20% Fe .
Y N i " 7367 | 1.2651.254 |+.9 8% Fe Lo
i 2 12110 i 7407 1.773)1.766 [+.4& BAELIME ‘2 §
" % " h 7339] 1,756 1.748 | #.7 _|MAX. WT. | i
" Y " d 7573] .a1z2]1.808 | -9 {MIN.wWT o
, ! d “ L 2302 1,752} 1771 | —p__[MO% VT | .
E " 0 " " 2280]. 1.72) 12518 [UORVI |
. * " iz " 1263374070 1.954) 1.952 | +.1 60% SP ‘
- o " " 1.3262] " 2.068) 2.058 | +,5 _ |40% 5P |
- u | 15080 2351 2,304 [ 43 {NO3F
, : = = Z 11368 _7a47] 1.782) 1.786 | -2 ['20%Fe 1
’ § 1 " " " 7387, 1.760] 1.732 | +1.6 [BO% Fe 4
’E ' :z 13912 /) 74020 3.119] 3.087 | +1,0 |BASELNE | o
, i " - N v | 7330l 3.0m0] 3.081 | +1.6 |TAX-WT ;
h & " ! 7567303189 3,229 | -1,3 [MIN.WT. q
A n_ | o Loe 1w | gl soon| soss | g [MO%V: §
; P " o n ! 72800 3.068) 3,032 | +1,0 |*20% Vi i
i ‘ ! - » 1253 7407 3.437] 3,447 | -3 [©O%SP ]
" o " 13264 " 1638 1668 -8 |4O%SP 1
{ i " " " 4136 4208 | -1.6 NG 5P | :
; i ! " h 11360 7447 3,138 3,157 .7 [12O%Fe i
E i ! " " " 2357 _ 2970 3.9 |80%Fe 3
| 1
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Table 48.—-Model -to Simulator Correlation (Concluded)
(m) =1.1897 (n.) -.815 (s [ 2350818 %, 5P ) -.05588
= K (MY (M) (M)

S K () [ (Y | () [Teay o Ty [BERROR [CONDITION
.6 1.1897( 1.5764 | 1.2256] 5721 T.264 [T.279 =TT [aGastiimt. 4
i i N Ty 5624 1. 43 1.2_5]_ _]—'4 u__N.\A_wa.' E
. " " i 5962 1.318]1.307 | +.8 MIN. W'T, Q
" " X " .5628] 1.2441.785 | -3.2  [*10% Vg
: " a] L 55411 1.230[1.294 | -5.0 [*20%Vy |
" Y ' 1.3699] .5721| 1.414)1.400 | +1.0
" ! ' 1.4572f ' 1.50411.476 | +1,9 | 204 5P |
. Y " 1.669 v 1.723] 1.683 | +2.4 INO %P
" ' " 1.2268 .5780| 1.278,1.286 [ -.6__ |129% 1e
" n i " s649| 1.249] 1,25 | -.4  [B % te | 4
4 ” 21102 1,255 .5721| 1.760] 1.766 | -.4 | BASEUME | g
' " " h .5624] 1.730] 1.744 | -
" 0 " ' 5962] 1.834] 1.828 :
! & " o .5628] 1,732] 1.7 |
! D " " 5541 __1,705) 1.775 . A VY ;i
" X " 13609 5721 1.967 1.952. ) +.8 |6O% 5P {
" " v | yas9d ¢ 2.002] 2.058 | +1.6 | 4°% *F | l
v o 0 1.6694 " 2.398] 2.304 | +2.3 | NO 5P |
" A " 12264 5780 1778 1.786 | -.4__ |'ZO%Fe
! 4 LI 1,738, 1.732 | +.3  [80% Fe =
-2 » 3712 | 1.2289 5721 3,096 3.087 | +.3 |BASELNE E 1
" i n l L5624 3.044] 3.043 | 4.1 [MAX. wT.
n 2 " k 5ol 3.227 3,229 =1 |[MIN.WT. ;
2 & 2 i N 3,008 3.065] -.6 [*'O%Vy i
! " " " 5s4] 2,909 3.032) -1.1 |*?20%vi
v ' n 13599 5721 3.46] 2,447 +,4 |©OUSP
" " L 1457 " _3.68] a6eal +.3 [4O%SP
" h " 1.6694 ' 4.219 4.205 ) +.3 |NO 5P
) " " 1.2258 5780 3.12d 3.157 | -.9 |120XFe
" " " " 3,051 2,979 +2.6 |8O% Fe 1
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Table 49.—C-141 Model-to-Simiilator Correlation i ;
| 3
Lama-. 0847 5P l 3
(M) = 1.6814 (m,)-10268 (my) A (g ) 0129 o
= K (WY (M) (myY
T KL m) | (M) | () [TCag 1 (g |RERROR [CONDITION
'5 ) 1.6814' _1.6896 1,0134 | 5138 | 1.479 | 1.482| -.2 _|BASELINE |
4 " " " " 4932 | 1.434 | 1.462] -1.9 |MAXLWT
0" ¥ ," n 5496 | 1.582 - - MIN, W, 1
; ! X ' n (4961 | 1.428 | 1.427] +.1  [M1O%Vy 3
4 " z " " .4805 | 1,383 | 1.378] +.4 |+70% Vi ; 1
v X v 11,763] 5138 1 1717 | 1.722] -3 | eO% SP :' ;
' 7] " 1.2891 " 1.882 1.884 -1 40% %P ;
" " " 1.6207 v 2.366 | 2,373] -.3 |NO %P ;
" " v 11,0134 5225 | 1.504 | 1.502] +.1_|'20% Fe % i
" " " n 5024 | 1.447 | 1.468] -1.4 |BCh te ‘ .
4 “ 2.5621 7 5138 | 2.243 | 2,215 +1.2 |BASEiNE 3
" " " h L4982 | 2,174 | 2,103 +3.4 [MAY. WT.
" 1) n 3] 5496 2,399 - - Mik Wl : 3
o o " " 0 4961 | 2.065 ] 2,111 _+2.6 |"1O% M1 i
& T X L 4805 | 2.007.0 2.001]. +4.8 §1*ORVI P
3 " ' "l yazeal slanl p.608| 2,587 4.7 |60% %P .
i & " lvosa] L oz.esel 2,870 .6 |90% 5F L
" " v |y e207] M 2.588 | 3.683. -2.6 | NCF ] |
: " " . 10134l s225) 2281 2.281) #1.3.['%0%Fc | ;
; " ' " " 5024l 2.194) 2,176 . +.8 D04 Fe i
: 2 » 52200 1.0134] _&138| 4,569 4,548 _+.5 |BASELNG | ‘
" . " " 4982 4.430| 4,319 _+2.7 |[MAY WT. :
" " n " ca05] 4.888| - . MIN.WT. 1
n g " < 4961] 4.412] 4174 +5.7 [MO%VL | ‘
n ) " " 48051 4,27 3,83 - +20% Vq !
. " v | 1az6a 61| 5.308] 5.231  #1.3[©O%SP | ;
: u " p | 1omall U 5.815] 5,679 +2,5|4O%SP :
5 " » n 1 £207 " 7.210 - - NO SP :
: ) " " 10134, __,5225| 4.847] 4.6 -1.1|\20% Fe "
] " " " " 5024l 4.471] 4371 42,3/804 Fe :
: ]
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Table 49.—C- 141 Model-to-Simulator Correlation (Continued)

(m) = 2.20115(m,) -1.0268(173)1: 3(1“)-.08964
= K (MY () (M)
K () | (Y | (T ?'-(E?,B“D “a“j‘i‘ LERROR [CONDITION
e | 200118 1-6896] 1.0134 | 3888 | 1.465 | 1.462 | -1.7[esseune
I I " " .3722 | 1.403 | 1.462
! " ' ' 4278 | 1,612 | =
" ' " " ,3700 | 1,395 | 1.426 $o% vy |
" v " " 3535 | 1,332 | 1,378 *2W0UVr
" n " 1.1860 | .3888 | 1,715 | 1.722 | 60% 5P
" " oo Lraeel 1.895 | 1.884 | 4on =P
. " ' 1.685] V 2,438 | 2,373 | . *2.]7
v ' - 1.0134 39082 [ 1,501.0.1.5802.1. .0
! " ! " 1767 | 1.420 | 1.468. . il
4 2.201%8 5 geo1l 1 pyaal 3masl 2.222 | 2,218 +,3 | BASELIME |
" " " n 3722 | 2,127} 2,102 ) __#1,2]MA WT.
" " " " a2 2485 - o N W
" » " ! 37001.2.118 | 2,111} . 2.2 ,i'ff.f'..‘.’_l..
" ) ' v 36351 2.020.1..2.001. ... t‘BJ:.Z.?_".‘,V.l_', .
T o,
" H ' 11860 3888 _ 2 600.l-2.587.0_ .£.5 60% =P |
v " v Lol o | 2,873 2,870 .1 140% 5 |
" %) v | el 3.695 | 3,683 | _+.3 | NO S
X " 2 1.013a] 3982} 2.276) 2,251 | . #1.1]'20%Fe
n " " " a767] 2,153 2.176|  -1.0] 80% ¥e
2 » 5.220| 1.0138  388R| 4.627] 4.548| .5 |PASEUNE
i " " " 1722 4.333] 4.715) __+,4 ["A%WT.
" 3 o " .4278] 4.981] - < TMING W
n ¥ " t 37000 4.309] 4.174]  +3.2+10%vy
" " n " 363 a.118] - | - |veodvq
! " »].1.1860 .3888! 5.297| 5.237|  +1.10% 5P |
i ’” 1 L 5.853| 5.675| __ +3.]40% P
" " v 16881 " 7.528] - - |NO BP ]
" " v_. | Loia jempl 4.637] 4,698  -1.3120%Fe
v " L 162l a.agel 4.3l +.3]80%Fe
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Tuble 49.—C 141 Model-to-Simulator Correlation (Concluded)
i (-m‘) = 4.116 (11‘2) -T.Ulbb(ns)c 3(.“.4) -. 14344 l
= K (MY (MY (T
e KO | (M) | (Ta) [ h0G 0 A s [RERROR [CONGITION
. 1
.6 4.116 ] 1.6896 |1.0082 | .2104 | 1.476 | 1.482 |-.4 BASELINE !
L ” D " 1958 | 1.373| 1.462 |-6.0 [Max.wT. :
" " " n .2464 | 1.727] - - MIN, WT. 1
I " " uo | 1939 | 1,359 ] 1.426 [-4.7  [vion vy k
K 1" " " 1799 | 1.261] 1.378 |- +20% Vg \
I " v [1.508 | L2106 | 1.684] 1.722 [-2.2 Jecwn &P ‘;
v n |1.2666 | v | 1.854] 1.884 1.6 | 40% P !
" L v 11.6307 ] v 2.386] 2.373|+.5 NO P ! !
" ) " 1.0082 | .2189 | 1.535| 1.502 }+2.2 [IRO% Fe | 1
N " " ) 1997 | 1.400] 1.468 ) -4.6 |8C% Fo J
“ 4,106 2.5621 11,0082 | .2104 | 2.238| 2.215]|+1.0 _|BASCLNE
T ) D no | 1958 | 2.082] 2.102[-.9 _ [MAX. WT. | a
: " " i " (2464 | 2.619] - - MING W, ( 4
! " n " " 1939 | 2.061] 2.111|-2.4  [*'0% V1 1
' b " " 799 | 1.913) 2.001( -4.4 [*0%Vr ’

! ' 2 w1 1508] 2108 | 2.554] 2.587] 1.3 |60 > | '

! " " D 11,2666 2.811| 2.870]| -2.0 [40% %P 3 E
" " " 163021 " 3.619| 3.683| -1,7 | NO 9P ;
¥ " 11,0082 ] 2189 | 2.3270 2.251| 3.4 |120%Fe !
" ' n " 1997 | 2.123| 2.176] -2.4 | B80% Fe b
2| anel sz |1.0082] .2104| 4.550] 4.548| +.2  |BASELNE o
" - " n 1958 | 4.241) 4.315] -1.7 [MAX.WT. ; 3
n I N "’ 2064 5 337 _ - MIN.\WT. : 1
" ° i’ " 939 | 4.2000 4.174) +.6  [*'O% V1 E
" 2 0 " 1709 | _3.8070 3.83 | +1,7 |*%C% V1 L
L v v 119s08| 2104 5208 5.337) -6 |“O%SP P
" L n__ | yosegl " .22 5.678| +.0 |40% P P
" " vl 1saal M 7.373 - - MO SP i
" " b__ | tonosp|-.2189] 4,742 4.698] +.9 [\2O%Fe o
" v o " 19071 a.3260 437l 4.0 [80% Fe : %
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Table 50.—F-4 Model-to-Simulator Correlation
{ (m) = 1.679 (m) '-9239(.,.,5)E "363¢ gy -.0408
4 = K (WY (M) (M)
: A K (m) | () | (M) {"?(‘T,?,‘f)"" ROmS" [wERROR [conOITION
-
3 -6 1.679 [1.6031 {.941 5406 | 1.369 | 1.359 .7 BASELINE
g " » " " 5220 | 1.322 | - - MAX. WT.
' " ’ " .5517 | 1.397 | - - MIN. WT.
" v " o | .s270 | 1.335 | 1.364 [-2.1  [+10% vq
" " " " 5148 1.304 | 1.324 |-1.5 +20% Vy
" " n o [1.0633 | .5406 | 1.547 | 1.579 }-2.0 0% =P
" " " 1.1319 " 1.647 | 1.684 [-2.2 407 SP ‘
L ) " 1.3860 " 2.017 | 2.012 (+.2 NO P l
Y i o [ 5532 | 1.401 | 1.427 |-1.4  |120% Fe |
" n " " .5125 | 1.298 | 1.337 |-2.9 B80% Fe :
i 4 » 2.3316 2 .5406 1,991 | 1,952 [+2.0 BASELINE ‘
1 ) " H . 5220 1.923 1.843 |+4.3 MAYX, WT,
" 2] " " .5517 2.032 - - MIN. WT,
" » " " 5270 | 1.942 | 1.848 [+5,0  [+104 V3
' " " v | 5148 | 1,897 1,705 | - [vt9% ¥y
" ' ' 1,0633 | .5406 | 2.250 | 2.383 | -5.6 60% P
" " " 1.1319 " 2.395] 2.617 |-8.5 |40% oP
v | oo v [raeso | v | 2,93 3.469]- No 5P|
z X n |goa1 | .s532 | 2.038] 2.062|-1.2 [120%Fe
" " " " 5125 | 1.888| 1.885(+.2 80% Fe
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Table 50.—F-4 Model-to-Simulator Correlation (Continued) ﬁ%

(“1) = 2.8026 ("z) -:9239 (“S)t J(Tu) -.07895 i ;

T K (WY (T (T 1

_ﬁ-,_ K () 1Y | (Y ’W(‘%‘f)"':' “CLT“”“;" L ERROR |[CONDITICH 1

.6 2.8026{ 1.5031 [.903 | .3324 | 1.348 | 1.359 |-.8 BASEIINE y

" " B | 3122 | 1.266 | 1.229 [¥3.0  |max.w. 3

" " " " .3446 1.398 | - - MIN. WT. i

v " " " L3175 1.288 | 1.364 [-5.5 +10%, Vg : i

e 3 /| 3045 | 1.235 | 1.328 |-6.7 |+20% Vs P

" " o [1.1023 | 3324 | 1.646 | 1.579 [#4.2  [eO% 5P | i i

" " »o 12103 | w 1.807 | 1.684 [+7.3  Jaox eP |

' " " 1.6049 " 2.397 | 2.012 |- NO %P i

" " " 903 .3463 | 1.405 [ 1.421 [-1.1 [ieo% Fe !

" " " " .3021 | 1.226 | 1.337 |-8.3  [®c% Fe 4

4 2.8026 2.3316 [.903 | .3324 | 1.961 | 1.952 [+.5 BASELINE , "

1 ’" " " no | .3122 | 1.842] 1.843 [0 MAX. W, Loy

" ) -. o | L3446 | 2.033] - - MIN. T, P

" N " 3175 | 1.873 [ 1.849 [+1.3  [Hoh vy :

d % b’ " | 3045 | 1.797] 1.705 [+5.4  [s20% vy | 1
" " v 11,1023 | .3324 | 2.394| 2.383 |+.5 60% <P
" " v 11,2103 ) o 2.629 | 2.617 [+.5  |40% P
" b v ]1.6049 ) 3.486 | 3.469 [+.5 NO 5P

" " " .903 .3463 | 2.043| 2.062 |-.9 120%Fe 1

) " " w | .3021 [ 1.783] 1.e85[-5.4 [Bo% e |

ittt i

]
4
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Table 50.—-Model -to -Simulator Correlation (Concluded)

K (MY (1) ()

= :
(m) = 2.52m,) 059%1,3 [-69738 1 p .y -.260173

(m) (Y %"w A :‘“‘3" CONDITION
5.59 02651 4.157] 4. BASELWE |
' .02157  3.382f 3. MAX. WT.

" .02987 4.684f 4. MiN. W,
" .0228] 3.573 3. V0% Vg |
" 01987 3.116 3 +20% Vq

" .02651  5.258 5. 0% %P |
» " 5.925( 6. 40Y% SP

" u 8.737, - NO SP |
" 0303 4.76) 5 8.7 _|120% fe |
” | 01934 3.034 _3.456] -12.2 [B¢h Fe |
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SECTION XVi
WET-RUNWAY ANALYSIS CALCULATIONS

The procedure followed in Sections XIII, X1V, and XV was repeated for the data analysis of
wet runway conditions and prediction equations were obtained as before. However, a
velocity-dependent mu value was converted into a constant peak available mu value
(independent of velocity) by using previous 7; vs 7 component equations. For example,
Eqs 8, 11, 18, 25, and 37 in ASD-TR-74-41, Volume I, Section XI. Tables 51 through 65
illustrate the steps involved.
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Figure 51.—-Wet Runway Data For Variable Mu = 0.05 to 0.5

STOPPING DISTANCE (BRAKING SEGMENT ONLY)
LONDITION 727 737 747 c-141 F-4
BASEL INE 5009 3207 6809 5033 6890
MAX. WT. 5685 4580 7798 5942 7392
MIN WT. 3857 277 5050 3781 5394
+ 10% VI 5461 3883 767F 5733 6359
208V 5986 4552 8440 6361 6788
60% SP - 3704 7885 - 7670
40% SP - 4490 8607 - 8690
No SP - 5165 10103 - 12185
120% fe 5191 3265 7246 5200 6238
8% fe AT Tl P S
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Table 53.—727 Pi Terms for Wet Runway

(T72) (1ry) Ty Ta CONDITION

3 2175 553 71121 BASELINE

275 2.400 A A

.25 2.65.

.225 2.975

.2 3,550

167 4.242 Y Y Y

(Tra) (™) e Ta ConoiTioN
.563 - 167 Mt27 | BASEUINE |
2.87 - A | ©O% SPOILERS |
4.33 - 407% SPOILERS
8.144 - Y MO sPoILERS

(Ts) () ™ Ty ConpiTiON

MINIMUM
36400 4.102 167 553 WEIGHT
52331 4.396 A 4 |1zon THrRUsT
mear 4.242 BASELINE
106378 |  4.2312 | Ueamum
110989 |  4.020 B8O% THRUST
127746 | 3.860 Ho% Vg
212394 | 3.520 Y Y 120% Vg
198
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Table 54.—737 Pi Terms for Wet Runway

(T72) (14) Ty T, CONDITION
.6 1.14% .88 44136 BASELINE
.5 1.307 ) '} '}
‘4 1 . 549 s o
) 1.932 ) ]
-z 2.640 1
A 4.500 Y L Y
(Tha) (T4) T, Ta ConpiTION
.88 3.45¢ .141 44146 | BASELINE
3.093 3.985 | ©0% SPOILERS
o643 | a8 l40% sroners |
; N Singidhaidbnsiaballl
7.794 5.557 Y NO SPOILERS
(T4) () T Ta ConpiTiON
MINIMUM
33266 3.276 .141 .88 WEIGHT
36751 3.496 A §  |rzo% THRueT
44146 3.450 | | eAaseunE
99481 3.762 el
55267 3.365 80% THRUST
77439 3,463 1 Ho% vy
120573 | 3.513 \ Y 120% Vg
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Tabie 55.—747 Pi Terms for Wet Runway
(T72) (1r4) Ty Ta CONDITION
.6 1.279 3.722 21850 BASELINE ,
s 1.480 A A B
4 1.766 ~
3 2.220
[3 3.087 :
A 5.520 Y ] Y ]
|
i
(Tv3) (1m) T2 T ConDiTiON |
3722 |4.57 128 | BASELINE :
5.364 5,294 A ©0% SPOILERS ’
6.344 5.178 . j_%jff.‘tﬁn_s,_-ﬂ
8712 e 781 Y MO SPOILERS
_ |
(Trs) (M) T2 T3 ConDiTiON g :
MINIMUM i :
10444 4,321 .125 3.722 WEIGHT | 1
18235  |4.865 [} i 120% THRLST b
21850 4573 BASTLINE
A IR RN R R B MAXIMUM |
29711 4.708 [ WEIGHT
27403 4,393 | |BO% THRUST
30810 14.679 _|'e5% Vi
! 182385 4,865 V [ W04 vy
3
200 1

;_
&
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Table 56.—C-141 Pi Terms for Wet Runway
(TT2) (174) T T CONDITION
o 1.482 1178 52319, | BASELINE
> 1.789 } )
4 2.215 |
3 3.069 . o ;
2 4.548 e ] ]
5 - Y Y \
(174) ) M, Ta ConpiTiON 35
1.175 4.052 .225 52319 | BASELINE ] 4
3.332 - A ©0% SPOILERS i
4.839 - “I 40% SPOILERS i,
9.607 - Y MO SPOILERS ;
(T4) (y) T T ConDiTioN
MINIMUMN
17421 | 4.365 .225 1.175 WEIGHT
39789 | 4.186 A A |zo% THrusT | ;
52319 | 4.052 | | maseune .
86421 | 4.026 A e 1
75333 3.940 BO% THRUST
92685 3.814 o Ho% vy 3
4
$ 156204 | 3.556 ‘ \ 120% Vg
|
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Table 57.—F-4 Pi Terms for Wet Runway

-

(TT2) () Ty T, CONDITION
30 2'.7;___.8411 1146583) PASELINE
275 2.96 ] | )
.25 3.23

#- e - S
225 3.58 L
‘2z 4.202 SO DR S
A Y Y

(173) (™) T, T ConDiTIoN

0.846 2.894 278 | 114658y BAMELING

1.188 3.768 ) ? 60% SPOILERS

1.406 4,270 407: sPon.Evzs

2.454 6.478 Y ‘ MO SPOILERS

(Ts) (™) ™, Ty ConpiTiON

MINIMU M
725280 3.092 278 | gag | WEIGHT
681181 3114 A 4 |1zon THRueT |
1146563 |  2.894 BASELINE
2535409 | 2.792 M
3845833 |  2.678 Bo% ThRusT
2048633 |  2.575 0% Vi
3477515 | 2.304 \ 1 120% vy
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Table 58.—Calculated Wet Runway Mu

Airplane
madel

Sbraking

(mg) vs (my)
prediction Eq

Caiculeted
(my) or p

727

6009

() = 0.5648 (mpy 1125

0.167

737

3207

(m) = 0.7718 (m,)"0-7647

0.141

747

6809

t)) = 0.338 (r, 0816

0.125

Ci4

6033

{m)) = 0.876 (r,)"10268

0.226

F4

6890

() = 0.7473 (m,)"1-0694

0.278
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Table 59.—Summary of Wet Runway Component Equations and Constant Term Values

Alrplzne Equation Eq No, 1
727 (m) = 0.5648 (my)'!4° @° ' .

|

(m) = 4.6019 (ry 01338 @ :
i 2
i b
(m)) = 11.9918 (x,)"0.09548 (®) o
(© = 005723 L
C
' 4
b ‘\
137 {m) = 0.7718 (ny) 07647 e ; i
L
(my) = 34744 (ny) (023458 -0.12654 % P) ® i i
(m) = 2.0287 (004881 o o

I
(C) = 0.08535 b
E,
747 (m) = 0.838 (xg) 0815 (8 1
3

{my) = 3.1326 () {0.35764 - 0.06963 % SP] 8

| {my) = 2.9804 (m,) 004276 (9) }

! (© = 004774 ]
c141 {m) = 0,876 (r,) 10268 (25)*
(M) = 4.016 (7 0.0568 (10

j
204 H
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Table 58 ~Sumirary of Wet Runway Component Equations
and Constant Term Values (Concluded)

Airplane Equation Eq No.
C141 (m) = 24417 (x,0.0873R (1
(Cont.)
€)= 0.06108
F4 {my) = 07327 (m,)1-0694 137)°
() = 3.3012 (ity) [0.74982 + 0.03347 % SP) (12)
{my) = 16.7349 (n,)"0.1258F 13)

(C) = u113a

* Equation taken from ASD-TR-74-41, Volume |, Section XI.
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Table 60.—~Summary of Wet Runway Prediction Equations

Eq
Airplane Equation No.
12 try) = 1.7801 (mp) 120 () 01338 (5, )-0.09548 (14)
- (1) = 04842 (107547 (g (023850012054 % ) 18)
+(my 004881
7 (M) = 0.3748 (n) 081 (7, [0.367640.06963% SP] (e
< mg) 0.04276
c141 (m)) = 2.2418 (my)"'-0%68 (. 0.0668 (5 )0.08735 (17)
F4 (Ry) = 4,839 (m)1:0894 (7, [0.74782 +0.03547 % SP| (18)

() 0.17585
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Table 61.—727 Wet Runway Model-to-Simulator Correlation

(m) = 1.7800 (my)-1 12 (“S)L are 2 () -+ 09548
= K (MY (M) (MY

T K (m) | (™Y | () “,!;,r'f)"'" My [RERROR [CONDITION
167 . 1:7801 [ 7.4¥93]  op3mi 3441 | 4,238 4242 i_—?'.EE"_‘f":".‘f':w
T b | .3 [4.0m8 4.2 e
" " I " 8 14.517 |4.102
' " " " .325¢4 | 4.008 |3.840 ;
K v g vt ,3100 | 3.818 13.520 | :
" t by - - - -
" 1 " . " - - o
e 7 " . Y} - o
UL Y v | % | .asae L4368 [ 4,306 ]
i " " v | aen | a.062 | 4,020 '

R e

i e
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Table 62,737 Wet Runway Model-to-Simulator Correlation

('“1) =

K (MY (M) (T

4642 (-, 7647 (1,3)5-2345 --1265%41 . +. 04881

i Lt + 2wt o

K K| | () | (M) [0 1 {1y |NERROR [CONDITION
181 | 4642 | 4.4729] .9863 | 1.6855 3.452 | 3.450 | 0 |@ASELNE |
o " " n | 1.753] 3.591 | 3.762 | -4.5 |[MAX. wT.
" b " o 1,6623 3.404 | 3.276 | +3.9 |MN.wT.
" " " " 1.7323 3.547 | 3.463 | +2.4 [+10% vy
' " o " 1.7764 3.638 | 3.496 | +4.1 |+20% Vy
" " ' 1.1962| 1.6859 4.186| 3.985 | +5.0 |60% 3P |
A v | l.geal v | 4,642 4,831 -3.9 |40%BP
! il " 1.6 v 5.665 | .5.557 | *i.9 |MO =P |
" 2 n | 0.9863] 1.6:04 3.421] 3.513] "|i20% Fe
" n v " 1.7040 3.489] 3,365] +3.7 [8Ch Fe
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Table 63.—747 Wet Runway Model-to-Simulator Correlation

LRt 4

(m) = .3748(m,) -.815 (-"5)[ +3576 - 0695333 14275
= k(MY (M) (M)
T [k TCm [ (R T () PR o oy, [eerwoR [conortion]
e e e
125 3748 | 5.4453] 1.4601 1.5329/4.569 | 4.571 | 0 |WASELNE |
" H " " 1.5532( 4.629 | 4.706 | -1.6|MAX. WT.
. 5 " " 1.485% 4.427 | 4,32 ¥2. 4| MIN. WT
" o " " 1.55234.626 | 4.672 | -1.0/*0% vy |
. " " " 1.571004.682 | 4.679 | 0 |*20U Vi
" " L 1.7000 1.5329 5.318_| 5,794 +.4 |60% SP
" " " 1.8393 ¢ 5.754 | 5.779 | _ -.4 |40% =P
R v % 20208 ' l6.791 | 6.783 | _+.1 |NO P
" ' o 1.4603 1.521104.533 | 4.865 | __-__-Le_'r@ﬁ_f_s_,
v " " v | 1.serda.613 | 4.393.| . +5.0]8¢% Fe
209
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Table 64.—C 141 Wet Runway Model-to-Simulator Correlation

-1.026 -0568 -.08735
(m) = 2206 () " agyf oTee I(my 0¥
T K (MY (T"_s)l (m)

T2 K (M) | () | () [TRS L ey [ERROR CONDITION
225 | 2.2416 |4.6257 | 1.0082 ] .3871 {4,081 |8.052 | O BASELINE
" D " [ .3705 |3.877 4.026 | <-3.7 |MAWT.
" " " ") .4261 4,459 4.365 +2.1 MIN, WT,
! ' " ' ,3682 |3.853 |3.814 +1.0 (+10% Vg
" ! H [ L3518 |3.681 ]3.556 +3.5 [420% Vg
" " m - - - - - o0% %P
" " " - 1" - - - 40% P
" " " - 1) - - - NO %P
" 2. h 1.0092 ' .3965 !4.149 [4.186 -9 [120% Fe
" " L] 0] . 3750 3.924 3.940 ::4 __?O./. Fe

|

|

i

|

t

|

i

210
[ e e e e
"

TR "3 4

el B



T e Rl

Table 65.—F-4 Wet Runway Model-to-Simulator Correlation

TR 9 .033
(“‘) = 4.839 (ﬂl) 1. 769 (‘“3374 8 + 03 47’{q‘) _‘12555
= k(MY (M) (MY

Ll o

Ty, KL am) | (my [ (M) [T0RS o] (o) [SERROR Cgtulzlﬂgul
278 ' 4.839 |3.9313 ] .8772| .1735 | 2.895 [ 2B T [uasEiwE
" " " " 570 | 2.620 | 2.792 | -6.1|mMax. wT.
" ) Iy " 1837 | 3.065 | 3.092 | .9 [MWN.WT. |
" v " " 615 | 2.692 | 2.575 | +4.5[+10% vq

I D B " 1509 | 2.518 ] 2.304 | - s20% vy |
" Iy v [1.1389 | .1735] 3.759 | 3.768 |

" " v 12970 | 1735] a.281] 4.270 |

D ¥ o Tioc0a | v 6.471] 6.478 | -1 [NO WP
' L ' 8772 .1852) 3.091) 3.114 1 -7 [\26% ‘e
" n " " 1490 | 2.487 | 2.678 8Ch Fe
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